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SUMMARY 


The  bioassay  of  U.S.P.  -grade  tetr achloroethylene  for  possible 
carcinogenicity  was  conducted  using  Osborne-Mendel  rats  and  B6C3F1 
mice.  Tetr achloroethylene  in  corn  oil  was  administered  by  gavage  at 
either  of  two  dosages  to  groups  of  50  male  and  50  female  animals  of 
each  species,  5 days  a week,  over  a period  of  78  weeks  followed  by  an 
observation  period  of  32  weeks  for  rats  and  12  weeks  for  mice. 

Initial  dosage  levels  for  the  chronic  bioassay  were  selected  on 
the  basis  of  a preliminary  subchronic  toxicity  test.  Subsequent 
dosage  adjustments  were  made  during  the  course  of  the  chronic  bioas- 
say. The  high  and  low  time-weighted  average  dosages  of  tetrachloro- 
ethylene  in  the  chronic  study  were  941  and  471  mg/kg/day  for  the  male 
rats,  949  and  474  mg/kg/day  for  the  female  rats,  1072  and  536  mg/kg/ 
day  for  the  male  mice,  and  772  and  386  mg/kg/day  for  the  female  mice. 

For  each  species,  20  animals  of  each  sex  were  placed  on  test  as 
vehicle  controls.  These  animals  were  gavaged  with  corn  oil  at  the 
same  time  that  dosed  animals  were  gavaged  with  tetrachloroethylene 
mixtures.  Twenty  animals  of  each  sex  were  placed  on  test  as  un- 
treated controls  for  each  species.  These  animals  received  no  gavage 
treatment  s . 

No  significant  increased  incidence  of  neoplastic  lesions  was 
observed  in  treated  rats.  In  both  dosed  and  control  rats,  respira- 
tory disease  was  observed  with  increasing  frequency  for  the  latter 
part  of  the  first  year  until  termination  of  the  bioassay.  Lesions 
indicative  of  pneumonia  were  observed  in  nearly  all  rats  at  necropsy. 
A high  incidence  of  toxic  nephropathy  was  observed  in  treated  rats. 
Toxic  nephropathy  was  noted  in  rats  that  died  early  in  the  study  (as 
early  as  week  20  for  male  rats  and  week  28  for  female  rats).  Mortal- 
ity of  rats  was  dose-related.  Fifty  percent  of  the  high  dose  males 
had  died  by  week  44  and  50  percent  of  the  high  dose  females  had  died 
by  week  66. 

In  both  male  and  female  mice,  administration  of  tetrachloro- 
ethylene was  associated  with  a significantly  increased  incidence  of 
heptocel lular  carcinoma.  Hepatocellular  carcinomas  were  observed  in 
2/17  (12  percent)  untreated  control  males,  2/20  (10  percent)  vehicle 
control  males,  32/49  (65  percent)  low  dose  males,  27/48  (56  percent) 
high  dose  males,  2/20  (10  percent)  untreated  control  females,  0/20 
vehicle  control  females,  19/48  (40  percent)  low  dose  females,  and 
19/48  (40  percent)  high  dose  females.  Hepatocellular  carcinomas 
metastasized  to  the  kidney  in  one  untreated  control  male  and  to  the 
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lung  in  three  low  dose  males,  one  low  dose  female,  and  one  high  dose 
female.  Toxic  nephropathy,  similar  to  that  observed  in  rats,  was 
also  observed  in  treated  but  not  control  mice. 

Fisher  exact  tests  indicated  a highly  significant  increased  in- 
cidence of  hepatocellular  carcinoma  for  each  dosed  group  compared  to 
each  control  group.  Cochran-Armitage  tests  showed  a highly  signifi- 
cant positive  association  between  increased  dosage  and  elevated  tumor 
incidence.  Time-adjusted  analyses,  based  on  Kaplan  and  Meier  survival 
curves,  indicated  that  the  estimated  probability  of  observing  hepato- 
cellular carcinoma  by  week  91  was  1.00  in  a dosed  male  mouse  and  0.938 
in  a dosed  female  mouse. 

The  results  of  the  bioassay  of  te trachloroethylene  in  Osborne- 
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is  a liver  carcinogen  m cduh  mice  or  Dotn  sexes. 


Mendel  rats  do  not  allow  an  evaluation  of  the  carcinogenicity  o 
compound  due  to  the  high  rate  of  early  death  among  the  treated 
mals.  However,  under  the  condition  of  this  study,  tetrachloroe 
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I.  INTRODUCTION 


Tetrachloroethylene  (NCI  No.  C04580)  is  one  of  a group  of  halo- 
genated  organic  solvents  selected  by  the  National  Cancer  Institute 
(NCI)  for  inclusion  in  the  Carcinogenesis  Bioassay  Program.  These 
solvents  were  selected  on  the  basis  of  large-scale  production, 
extensive  use,  and  lack  of  adequate  chronic  toxicity  data. 

The  Chemical  Abstracts  Service  (CAS)  Ninth  Collective  Index 

k 

(1977)  name  for  this  compound  is  tetrachloroethylene.  It  is  also 
called  perchloroethylene  and  carbon  dichloride. 

Annual  domestic  production  of  tetrachloroethylene  in  1974  was 
approximately  734  million  pounds  (U.S.  International  Trade  Commission, 
1976).  The  1974  consumption  of  the  chemical  was  as  follows:  69 

percent  in  the  textile  and  dry-cleaning  industries;  16  percent  for 
metal  cleaning  and  degreasing;  12  percent  as  a chemical  intermediate 
(e.g.,  fluorocarbon  synthesis);  and  3 percent  for  miscellaneous  uses 
(Fishbein,  1976).  The  1 ast  category  includes  paint  removers  and 
other  specialty  solvent  formulations,  as  well  as  a very  small 
quantity  for  medicinal  use  as  an  antihelminthic  (e.g.,  treatment  of 
hookworm  infestations)  (Senewiratne  et  al.,  1975). 

Human  exposure  to  tetrachloroethylene  is  extensive.  Approxi- 
mately 85  percent  of  the  compound  consumed  is  used  in  a dispersive 
manner  (Stanford  Research  Institute,  1975).  The  greatest  human 

* 
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exposure  takes  place  in  dry-cleaning  establishments  using  tetrachloro- 
ethylene,  especially  when  ventilation  is  inadequate  (Fishbein,  1976). 
Employees  of  tetrachloroethylene  manufacturers  and  of  the  industries 
consuming  the  chemical  may  also  be  directly  exposed  to  the  vapors  or 
liquid.  Tetrachloroethylene  appears  to  be  a widespread  environmental 
contaminant,  found  in  air,  water,  and  food  (McConnell  et  al . , 1975). 
Worldwide  air  emissions  of  tetrachloroethylene  were  estimated  at 
nearly  2.8  x 10^  tons  in  1974  (Chemical  Information  Services,  1975), 
and  atmospheric  concentrations  normally  range  between  1 and  10 
ng/liter  (McConnell  et  al . , 1975).  Concentrations  of  the  chemical  in 
foodstuffs  have  been  reported  as  high  as  13  mg/kg  in  butter  (McConnell 
et  al.,  1975).  Tetrachloroethylene  was  found  in  New  Orleans  drinking 
water  and  in  the  plasma  of  persons  ingesting  that  water  (no  levels 
were  given)  (Dowty  et  al . , 1975).  Chlorination  at  sewage  treatment 
plants  slightly  raises  tetrachloroethylene  levels  in  water  (Fishbein, 
1976).  Human  tissues  (body  fat)  have  been  found  to  contain  as  much 
as  29  mg/kg  wet  weight  of  tetrachloroethylene  (McConnell  et  al., 

1975).  The  mean  biological  half-life  of  the  compound  in  man,  esti- 
mated by  measuring  the  total  of  tetrachloroethylene  and  tetrachloro- 
ethylene metabolites  in  urine,  is  144  hours  (Ikeda  and  Imamura,  1973). 
Tetrachloroethylene  is  degraded  fairly  rapidly  in  the  environment 
without  significant  bioaccumulation  (McConnell  et  al . , 1975). 

Depression  of  the  central  nervous  system,  the  primary  physiologic 
effect  of  acute  or  chronic  inhalation,  was  noted  in  humans  exposed  to 
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200  ppm  of  the  chemical  (Rowe  et  al . , 1952).  Recovery  was  complete 
within  an  hour  after  exposure  to  concentrations  as  high  as  1000  ppm 
for  two  minutes.  Only  one  of  six  persons  exposed  to  100  ppm  of 
tetrachloroethylene  for  an  hour  experienced  effects  attributable  to 
that  concentration  of  vapor  (Rowe  et  al . , 1952).  Symptoms  of  acute 
and  fatal  intoxication  from  tetrachloroethylene  result  from  action  on 
the  nervous  system  and  include  tremor,  convulsions,  paralysis,  mental 
confusion,  and  coma  (Sax,  1975).  Subacute  exposures  produce  irrita- 
tion of  the  eyes,  nose,  and  throat,  headaches,  fatigue,  nausea, 
vomiting,  and  mental  confusion  (Sax,  1975). 
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II.  MATERIALS  AND  METHODS 


A.  Chemicals 

Three  batches  of  U.S.P. -grade  tetrachloroethylene  were  purchased 
by  Hazleton  Laboratories  America,  Inc.,  Vienna,  Virginia,  from  Aldrich 
Chemical  Company,  Milwaukee,  Wisconsin.  The  manufacturer's  suggested 
minimum  purity  was  99  percent.  Gas-liquid  chromatography  showed  the 
major  component  comprising  over  99  percent  of  the  total  peak  area  and 
one  minor  impurity  having  a greater  retention  time  than  the  major 
component.  Infrared  analysis  was  consistent  with  that  found  in  the 
literature.  These  results  suggested  a compound  with  a purity  over  99 
percent  with  at  least  one  minor  impurity. 

Throughout  this  report  the  term  tetrachloroethylene  is  used  to 
represent  this  U.S.P. -grade  material. 

B . Dosage  Preparation 

(5) 

Fresh  solutions  of  tetrachloroethylene  and  Duke'swcorn  oil 
(S.  F.  Sauer  Company)  were  prepared  weekly,  sealed,  and  stored  at 
34°F.  These  tetrachloroethylene  solutions  were  considered  generally 
stable  for  10  days  under  the  indicated  storage  conditions.  The 
concentrations  of  tetrachloroethylene  in  corn  oil  were  6,  8,  9,  and 
11  percent  for  mice  and  50  and  60  percent  for  rats. 

C . Animals 

Two  animal  species,  rats  and  mice,  were  used  in  the  carcino- 
genicity bioassay.  The  Osborne-Mendel  rat  was  selected  on  the  basis 
of  a comparative  study  of  the  tumorigenic  responsiveness  to  carbon 
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tetrachloride  of  five  different  strains  of  rats  (Reuber  and  Glover, 
1970).  The  B6C3F1  mouse  was  selected  because  it  has  been  used  by 
the  NCI  for  carcinogenesis  bioassays  and  has  proved  satisfactory  in 
this  capacity. 

Rats  and  mice  of  both  sexes  were  obtained  through  contracts  of 
the  Division  of  Cancer  Treatment  at  the  National  Cancer  Institute. 

The  Osborne-Mende 1 rats  were  procured  from  the  Battelle  Memorial 
Institute,  Columbus,  Ohio,  and  the  B6C3F1  mice  were  obtained  from  the 
Charles  River  Breeding  Laboratories,  Inc.,  Wilmington,  Massachusetts. 
Upon  receipt,  animals  were  quarantined  for  at  least  10  days,  observed 
for  visible  signs  of  disease  or  parasites,  and  assigned  to  the 
various  treatment  and  control  groups. 

D . Animal  Maintenance 

All  animals  were  housed  by  species  in  temperature-  and  humidity- 
controlled  rooms.  The  temperature  range  was  20°  to  24°C  and  the 
relative  humidity  was  maintained  between  45  and  55  percent.  The  air 
conditioning  system  in  the  laboratory  provided  filtered  air  at  a rate 
of  12  complete  changes  of  room  air  per  hour.  Fluorescent  lighting 
was  provided  on  a 12-hour-daily  cycle.  The  rats  were  individually 
housed  in  suspended  galvanized-steel  wire-mesh  cages  with  perforated 
floors,  while  mice  were  housed  by  sex  in  groups  of  10  in  solid-bottom 
polypropylene  cages  equipped  with  filter  tops.  Sanitized  cages  with 
fresh  bedding  (Sanichips  , Shurfire)  were  provided  once  each  week  lor 
mice.  Rats  received  sanitized  cages  with  no  bedding  with  the  same 
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frequency.  Food  hoppers  were  changed  and  heat-sterilized  once  a week 
for  the  first  10  weeks  and  once  a month  thereafter.  Fresh  heat- 
sterilized  glass  water  bottles  were  provided  three  times  a week. 

Food  (Wayne  Lab-Blox  , Allied  Mills,  Inc.)  and  water  were  available 
ad  1 ibitum. 

Tetrachloroethylene-treated  rats  and  their  untreated  controls 

k 

were  housed  in  the  same  room  with  1 , 1 , 2-tr ichloroethane  (79-00-5)- 
treated  rats.  Vehicle  control  rats  for  the  tetrachloroethylene 
bioassay  were  housed  in  another  room  with  rats  treated  with  dibromo- 
chloropropane  (96-12-8),  1 , 2-dichloroethane  (107-06-2),  trichloroethy- 
lene (79-01-6),  1 , 1-dichloroethane  (75-34-3),  and  carbon  disulfide 
(75-15-0).  Tetrachloroethylene-treated  and  both  vehicle  and  untreated 
control  mice  were  maintained  in  the  same  room  as  mice  receiving 
1 , 1 , 2, 2-tetrachloroethane  (79-34-5),  allyl  chloride  (107-05-11), 
chloroform  (67-66-3),  chloropicrin  (76-06-2),  1 , 2-dichloroethane 
(107-06-2),  1 , 1-dichloroethane  (75-34-3),  3-sulfolene  (77-79-21), 
iodoform  (75-47-8),  methyl  chloroform  (71-55-6),  1 , 1 , 2-tr ichloroethane 
(79-00-5),  hexachloroethane  (67-72-1),  carbon  disulfide  (75-15-0), 
trichlorof luoromethane  (75-69-4),  carbon  tetrachloride  (56-23-5), 
trichloroethylene  (79-01-6),  1 , 2-dibromoethane  (106-93-4),  and 
d ibromochloropropane  (96-12-8). 


CAS  registry  numbers  are  given  in  parentheses. 
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E.  Gastric  Intubation 


Intubation  was  performed  for  five  consecutive  days  per  week  on 
a mg/kg  body  weight  basis  utilizing  the  most  recently  observed  group 
mean  body  weight  as  a guide  for  determining  the  dose.  Mean  body 
weights  for  each  group  were  recorded  at  weekly  intervals  for  the 
first  10  weeks  and  at  monthly  intervals  thereafter.  All  animals  of 
one  sex  within  a treatment  group  received  the  same  dose.  Animals 
were  gavaged  with  test  solutions  under  a hood  to  minimize  extraneous 
exposure  of  other  animals  and  laboratory  personnel  to  the  chemical. 

F.  Selection  of  Initial  Dose  Levels 

In  order  to  establish  the  maximum  tolerated  dosages  of  tetra- 
chloroethylene  for  administration  to  treated  animals  in  the  chronic 
studies,  subchronic  toxicity  tests  were  conducted  with  both  rats  and 
mice.  Six  groups,  each  consisting  of  five  males  and  five  females, 
were  utilized  for  each  animal  species.  Tetrachloroethylene  dissolved 
in  corn  oil  was  administered  by  gavage  to  five  of  the  six  rat  groups 
at  dosages  of  316,  562,  1000,  1780,  and  3160  mg/kg/day  and  to  five  of 
the  six  mouse  groups  at  dosages  of  562,  1000,  1780,  3160,  and  5620 
mg/kg/day.  The  sixth  group  of  each  species  served  as  a control  group 
and  was  gavaged  only  with  corn  oil.  Intubation  occurred  5 days  per 
week  for  6 weeks,  followed  by  a 2-week  observation  period  to  detect 
any  delayed  toxicity. 

A dosage  inducing  no  mortality  and  resulting  in  a retardation 
in  body  weight  gain  of  approximately  20  percent  was  to  be  selected 
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as  the  initial  high  dose.  When  weight  gain  criteria  were  not  appli- 
cable, mortality  data  alone  were  utilized. 

All  the  rats,  both  male  and  female,  dosed  with  1000  mg/kg/day 
or  less  survived  the  entire  6-week  treatment  period  and  the  2-week 
observation  period,  while  deaths  were  observed  at  higher  dose  levels. 
As  weight  gain  retardation  was  not  noted  in  the  animals  treated  with 
1000  mg/kg/day  or  less,  the  high  dosage  selected  for  the  chronic 
bioassay  for  male  and  female  rats  was  1000  mg/kg/day. 

The  male  mice  receiving  562  mg/kg/day  experienced  no  reduction 
in  weight  gain  relative  to  controls,  while  the  male  mice  receiving 
1000  mg/kg/day  experienced  a 22  percent  reduction  in  weight  gain 
relative  to  controls.  An  initial  high  dosage  of  900  mg/kg/day  was 
selected  for  the  chronic  bioassay  of  male  mice.  Female  mice  receiving 
562  mg/kg/day  gained  70  percent  of  the  weight  gained  by  controls, 
while  the  female  mice  receiving  1000  mg/kg/day  gained  85  percent  of 
the  weight  gained  by  controls.  An  initial  high  dosage  of  600 
mg/kg/day  was  selected  for  the  chronic  bioassay  of  female  mice. 

G . Experimental  Design 

The  experimental  design  parameters  for  the  chronic  study  (spe- 
cies, sex,  group  size,  dosages  administered,  duration  of  treated  and 
untreated  observation  periods,  and  the  time-weighted  average  dosages) 
are  summarized  in  Tables  1 and  2. 

The  high  dose,  low  dose,  and  untreated  control  rats  were 
approximately  7 weeks  old  at  the  time  they  were  placed  on  test.  The 
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TABLE  1 


DESIGN  SUMMARY  FOR  OSBORNE -MENDEL  RATS 
TETRACHLOROETHYLENE  GAVAGE  EXPERIMENT 


INITIAL 

TETRACHLORO- 

OBSERVATION  PERIOD 

TIME-WEIGHTED 

GROUP 

ETHYLENE 

TREATED 

UNTREATED 

AVERAGE 

SIZE 

DOSAGE3 

(WEEKS ) 

(WEEKS) 

DOSAC-Eb 

MALE 

UNTREATED  CONTROL 

20 

0 

110 

0 

VEHICLE  CONTROL 

20 

0 

78 

32 

0 

LOW  DOSE 

50 

500 

19 

471 

700 

6 

500 

20 

500c 

26 

7 

0 

32 

HIGH  DOSE 

50 

1000 

19 

941  ' 

1400 

6 

1000 

20 

1000C 

26 

7 

0 

32 

FEMALE 

UNTREATED  CONTROL  20 

0 

110 

0 

VEHICLE  CONTROL  20 

0 

78 

32 

0 

LOW  DOSE  50 

500 

16 

474 

600 

3 

700 

6 

500 

20 

500c 

26 

7 

0 

32 

HIGH  DOSE  50 

1000 

16 

949 

1200 

3 

1400 

6 

1000 

20 

1000° 

26 

7 

0 

32 

£ 

Dosage,  given  in  rag/kg  body 

weight,  was 

administered  by  gavage  five  consecutive 

days  per  week. 

bTime-weighted  average  dosage 

Z (dosage 

X 

number 

of  weeks  received) 

Z (weeks 

receiving 

treatment) 

c ... 

These  dosages  were  cyclically  administered 

with  a 

pattern  of 

1 dose-free 

wc  ck 

followed  by  4 weeks  (5  days 

per  week)  of 

dosage  at 

the  level 

indicated . 
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TABLE  2 


DESIGN  SUMMARY  FOR  B6C3F1  MICE 
TETRACHLOROETHYLENE  GAVAGE  EXPERIMENT 


INITIAL 

TETRACHLORO- 

OBSERVATION  PERIOD 

TIME-WEIGHTED 

GROUP 

ETHYLENE 

TREATED 

UNTREATED 

AVERAGE 

SIZE 

DOSAGE2 3 

(WEEKS) 

(WEEKS) 

DOSAGEb 

MALE 

UNTREATED  CONTROL 

20 

0 

90 

0 

VEHICLE  CONTROL 

20 

0 

78 

12 

0 

LOW  DOSE 

50 

450 

11 

536 

550 

67 

0 

12 

HIGH  DOSE 

50 

900 

11 

1072 

1100 

67 

0 

12 

FEMALE 

UNTREATED  CONTROL 

20 

0 

90 

0 

VEHICLE  CONTROL 

20 

0 

78 

12 

0 

LOW  DOSE 

50 

300 

11 

386 

400 

67 

0 

12 

HIGH  DOSE 

50 

600 

11 

772 

800 

67 

0 

12 

aTX 

Dosage,  given  m 

mg/kg  body 

weight,  was 

administered  by  gavage  five 

consecutive 

days  per  week. 


Time-weighted  average  dosage 


2 (dosage  X number  of  weeks  received) 

2 (weeks  receiving  treatment) 
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vehicle  control  rats  were  approximately  4 weeks  older  than  the  other 
rats  and,  therefore,  were  started  on  test  4 weeks  earlier.  The  high 
and  low  doses  of  te trachloroethylene  initially  utilized  for  both 
males  and  females  were  1000  and  500  mg/kg/day,  respectively.  After 
16  weeks  on  test  the  female  rats  appeared  to  be  tolerating  the 
chemical,  so  their  high  dose  was  increased  to  1200  mg/kg/day.  At 
the  end  of  week  19,  high  doses  for  both  sexes  were  increased  to 
1400  mg/kg/day.  Because  of  toxic  effects  evidenced  during  week  25, 
the  dosage  administered  to  the  high  dose  females  was  decreased  in 
week  26  to  the  original  level  of  1000  mg/kg/day.  The  low  doses  were 
adjusted  accordingly,  so  that  they  consistently  remained  one-half  the 
high  dose.  In  week  46  intubation  ceased  for  all  treated  animals  for 
1 week,  followed  by  4 weeks  of  dose  administration.  This  pattern 
continued  for  the  remainder  of  the  treatment  period.  An  untreated 
period  of  32  weeks  followed  the  78-week  treatment  period  in  order  to 
observe  any  delayed  toxicity  or  tumor  development. 

The  high  dose,  low  dose,  and  untreated  control  mice  were  approxi- 
mately 5 weeks  old  at  the  time  they  were  placed  on  test.  The  vehicle 
control  mice  were  approximately  2 weeks  older  than  the  other  mice  and 
were  started  on  test  correspondingly  earlier.  The  high  and  low  doses 
initially  utilized  for  males  and  females,  respectively,  were  900  and 
450  mg/kg/day  and  600  and  300  mg/kg/day.  After  11  weeks,  the  animals 
appeared  to  be  tolerating  the  chemical,  so  the  high  and  low  doses 
were,  respectively,  increased  to  1100  and  550  mg/kg/day  for  male  mice 
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and  800  and  400  mg/kg/day  for  female  mice.  Treatment  continued  at 
this  level  for  the  remainder  of  the  78-week  treatment  period  and  was 
followed  by  approximately  12  weeks  of  observation. 

H.  Clinical  and  Histopathologic  Examinations 

Animals  were  weighed  immediately  prior  to  initiation  of  the 
experiment.  From  the  first  day,  all  animals  were  inspected  daily 
for  mortality.  Body  weights,  food  consumption,  and  data  concerning 
appearance,  behavior,  signs  of  toxic  effects,  and  incidence,  size, 
and  location  of  tissue  masses  were  recorded  at  weekly  intervals  for 
the  first  10  weeks  and  at  monthly  intervals  thereafter.  The  presence 
of  tissue  masses  was  determined  by  observation  and  palpation  of  each 
animal . 

A necropsy  was  performed  on  each  animal  regardless  of  whether  it 
died,  was  killed  when  moribund,  or  was  sacrificed  at  the  end  of  the 
bioassay.  The  animals  were  euthanized  by  exsanguination  under  sodium 
pentobarbital  anesthesia,  and  were  immediately  necropsied.  The  histo- 
pathologic examination  consisted  of  gross  and  microscopic  examination 
of  major  tissues,  organs,  or  gross  lesions  taken  from  sacrificed  ani- 
mals and,  whenever  possible,  from  animals  found  dead. 

Slides  were  prepared  from  the  following  tissues:  skin,  subcu- 

taneous tissue,  lungs  and  bronchi,  trachea,  bone  marrow,  spleen, 
lymph  nodes,  thymus,  heart,  salivary  gland,  liver,  gallbladder  (mice) 
and  bile  duct,  pancreas,  esophagus,  stomach,  small  intestine,  large 
intestine,  kidney,  urinary  bladder,  pituitary,  adrenal,  thyroid, 
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parathyroid,  pancreatic  islets,  testis,  prostate,  brain,  uterus, 
mammary  gland,  and  ovary. 

Tissues  for  which  slides  were  prepared  were  preserved  in  10  per- 
cent buffered  formalin,  embedded  in  paraffin,  sectioned,  and  stained 
with  hematoxylin  and  eosin  prior  to  microscopic  examination.  An 
occasional  section  was  subjected  to  special  staining  techniques  for 
more  definitive  diagnosis. 

A few  tissues  were  not  examined  for  some  animals,  particularly 
for  those  that  died  early.  Also,  some  animals  were  missing,  canni- 
balized, or  judged  to  be  in  such  an  advanced  state  of  autolysis  as  to 
preclude  histopathologic  interpretation.  Thus,  the  number  of  animals 
for  which  particular  organs,  tissues,  or  lesions  were  examined  micro- 
scopically varies  and  does  not  necessarily  represent  the  number  of 
animals  that  were  placed  on  experiment  in  each  group. 

I . Data  Recording  and  Statistical  Analyses 

Pertinent  data  on  this  experiment  have  been  recorded  in  an  auto- 
matic data  processing  system,  the  Carcinogenesis  Bioassay  Data  System 
(Linhart  et  al.,  1974).  The  data  elements  include  descriptive  infor- 
mation on  the  chemicals,  animals,  experimental  design,  clinical  obser 
vations,  survival,  body  weight,  and  individual  pathologic  results,  us 
recommended  by  the  International  Union  Against  Cancer  (Berenblum, 
1969).  Data  tables  were  generated  for  verification  of  data  transcrip 
tion  and  for  statistical  review. 
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These  data  were  analyzed  using  the  statistical  techniques 
described  in  this  section.  Those  analyses  of  the  experimental  results 
that  bear  on  the  possibility  of  carcinogenicity  are  discussed  in  the 
statistical  narrative  sections. 

Probabilities  of  survival  were  estimated  by  the  product-limit 
procedure  of  Kaplan  and  Meier  (1958)  and  are  presented  in  this  report 
in  the  form  of  graphs.  Animals  were  statistically  censored  as  of  the 
time  that  they  died  of  other  than  natural  causes  or  were  found  to  be 
missing;  animals  dying  from  natural  causes  were  not  statistically 
censored.  Statistical  analyses  for  a possible  dose-related  effect  on 
survival  used  the  method  of  Cox  (1972)  for  testing  two  groups  for 
equality  and  used  Tarone's  (1975)  extensions  of  Cox's  methods  for 
testing  a dose-related  trend.  One-tailed  P-values  have  been  reported 
for  all  tests  except  the  departure  from  linearity  test,  which  is  only 
reported  when  its  two-tailed  P-value  is  less  than  0.05. 

The  incidence  of  neoplastic  or  nonneoplastic  lesions  has  been 
given  as  the  ratio  of  the  number  of  animals  bearing  such  lesions  at  a 
specific  anatomic  site  (numerator)  to  the  number  of  animals  in  which 
that  site  was  examined  -denominator).  In  most  instances,  the  denomi- 
nators included  only  those  animals  for  which  that  site  was  examined 
histologically.  However,  when  macroscopic  examination  was  required 
to  detect  lesions  prior  to  histologic  sampling  (e.g.,  skin  or  mammary 
tumors),  or  when  lesions  could  have  appeared  at  multiple  sites  (e.g., 
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lymphomas),  the  denominators  consist  of  the  numbers  of  animals  necrop- 
sied. 

The  purpose  of  the  statistical  analyses  of  tumor  incidence  is  to 
determine  whether  animals  receiving  the  test  chemical  developed  a sig- 
nificantly higher  proportion  of  tumors  than  did  the  control  animals. 

As  a part  of  these  analyses,  the  one-tailed  Fisher  exact  test  (Cox, 
1970,  pp.  48-52)  was  used  to  compare  the  tumor  incidence  of  a control 
group  to  that  of  a group  of  treated  animals  at  each  dose  level.  When 
results  for  a number  of  treated  groups,  k,  are  compared  simultaneously 
with  those  for  a control  group,  a correction  to  ensure  an  overall 
significance  level  of  0.05  may  be  made.  The  Bonferroni  inequality 
(Miller,  1966,  pp.  6-10)  requires  that  the  P-value  for  any  comparison 
be  less  than  or  equal  to  0.05/k.  In  cases  where  this  correction  was 
used,  it  is  discussed  in  the  narrative  section.  It  is  not,  however, 
presented  in  the  tables,  where  the  Fisher  exact  P-values  are  shown. 

The  Cochran-Armitage  test  for  linear  trend  in  proportions,  with 
continuity  correction  (Armitage,  1971,  pp.  362-365),  was  also  used. 
Under  the  assumption  of  a linear  trend,  this  test  determined  if  the 
slope  of  the  dose-response  curve  is  different  from  zero  at  the  one- 
tailed  0.05  level  of  significance.  Unless  otherwise  noted,  the  di- 
rection of  the  significant  trend  was  a positive  dose  relationship. 

This  method  also  provides  a two-tailed  test  of  departure  from  linear 
trend. 
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A time-adjusted  analysis  was  applied  when  numerous  early  deaths 
resulted  from  causes  that  were  not  associated  with  the  formation  of 
tumors.  In  this  analysis,  deaths  that  occurred  before  the  first  tu- 
mor was  observed  were  excluded  by  basing  the  statistical  tests  on 
animals  that  survived  at  least  52  weeks,  unless  a tumor  was  found  at 
the  anatomic  site  of  interest  before  week  52.  When  such  an  early 
tumor  was  found,  comparisons  were  based  exclusively  on  animals  that 
survived  at  least  as  long  as  the  animal  in  which  the  first  tumor  was 
found.  Once  this  reduced  set  of  data  was  obtained,  the  standard  pro- 
cedures for  analyses  of  the  incidence  of  tumors  (Fisher  exact  tests, 
Cochran-Armitage  tests,  etc.)  were  followed. 

When  appropriate,  life-table  methods  were  used  to  analyze  the 
incidence  of  tumors.  Curves  of  the  proportions  surviving  without  an 
observed  tumor  were  computed  as  in  Saffiotti  et  al.  (1972).  The  week 
during  which  animals  died  naturally  or  were  sacrificed  was  entered  as 
the  time  point  of  tumor  observation.  Cox's  methods  of  comparing 
these  curves  were  used  for  two  groups;  Tarone's  extension  to  testing 
for  linear  trend  was  used  for  three  groups.  The  statistical  tests  for 
the  incidence  of  tumors  which  used  life-table  methods  were  one-tailed 
and,  unless  otherwise  noted,  in  the  direction  of  a positive  dose 
relationship.  Significant  departures  from  linearity  (P  < 0.05,  two- 
tailed  test)  were  also  noted. 

The  approximate  95  percent  confidence  interval  for  the  relative 
risk  of  each  dosed  group  compared  to  its  control  was  calculated  from 
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the  exact  interval  on  the  odds  ratio  (Gart,  1971).  The  relative  risk 
is  defined  as  p /pc  where  p^  is  the  true  binomial  probability  of  the 
incidence  of  a specific  type  of  tumor  in  a treated  group  of  animals 
and  p is  the  true  probability  of  the  spontaneous  incidence  of  the 
same  type  of  tumor  in  a control  group.  The  hypothesis  of  equality 
between  the  true  proportion  of  a specific  tumor  in  a treated  group 
and  the  proportion  in  a control  group  corresponds  to  a relative  risk 
of  unity.  Values  in  excess  of  unity  represent  the  condition  of  a 
larger  proportion  in  the  treated  group  than  in  the  control. 

The  lower  and  upper  limits  of  the  confidence  interval  of  the 
relative  risk  have  been  included  in  the  tables  of  statistical  analy- 
ses. The  interpretation  of  the  limits  is  that  in  approximately  95 
percent  of  a large  number  of  identical  experiments,  the  true  ratio 
of  the  risk  in  a treated  group  of  animals  to  that  in  a control  group 
would  be  within  the  interval  calculated  from  the  experiment.  When 
the  lower  limit  of  the  confidence  interval  is  greater  than  one,  it 
can  be  inferred  that  a statistically  significant  result  (a  P < 0.025 
one-tailed  test  when  the  control  incidence  is  not  zero,  P < 0.050 
when  the  control  incidence  is  zero)  has  occurred.  When  the  lower 
limit  is  less  than  unity  but  the  upper  limit  is  greater  than  unity, 
the  lower  limit  indicates  the  absence  of  a significant  result  while 
the  upper  limit  indicates  that  there  is  a theoretical  possibility 
of  the  induction  of  tumors  by  the  test  chemical  which  could  not  be 
detected  under  the  conditions  of  this  test. 
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III.  CHRONIC  TESTING  RESULTS:  RATS 


A.  Body  Weights  and  Clinical  Observations 

During  the  first  year  of  the  study,  treated  rats  gained  less 
weight  than  did  their  untreated  controls.  However,  the  differences 
in  weight  gain  did  not  exceed  13  percent.  Throughout  the  second  year, 
treated  animals  continued  to  gain  less  weight  than  did  the  untreated 
controls,  but  the  disparity  never  exceeded  19  percent  (Figure  1). 

No  characteristic  signs  of  the  toxic  effects  of  the  compound 
were  observed  during  the  first  6 weeks  of  the  study.  Clinical  signs 
were  observed  with  slightly  greater  frequency  in  the  treated  rats  of 
both  sexes  than  in  the  respective  control  rats  from  week  7 through 
week  46.  However,  during  the  remainder  of  the  study  these  signs  were 
noted  at  comparable  rates  in  treated  and  control  animals. 

As  the  study  progressed,  a hunched  appearance,  first  noted  in 
a few  animals  during  week  7,  was  observed  with  gradually  increasing 
frequency  in  the  treated  groups,  particularly  in  the  high  dose 
females.  Urine  staining  on  the  lower  abdomen  was  a predominant 
clinical  sign  in  the  treated  groups  from  week  26  to  termination  of 
the  study.  The  greatest  incidence  of  this  was  observed  in  the  high 
dose  females.  Other  signs  observed  with  comparable  frequency  in 
control  and  treated  rats  included  roughening  and/or  staining  of  the 
fur;  eyes  squinted  or  showing  a reddish  discharge  or  crust;  body 
sores,  particularly  on  the  tail;  and  localized  alopecia  of  the  body 
or  extremities.  Isolated  observations  included  circling  in  one  low 
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MEAN  BODY  WEIGHT  (GRAMS)  MEAN  BODY  WEIGHT  (GRAMS) 


FIGURE  1 

GROWTH  CURVES  FOR  TETRACHLOROETHYLENE  CHRONIC  STUDY  RATS 
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dose  male  in  week  42,  salivation  in  several  high  dose  males  and 
females  during  weeks  34  through  42  of  the  study,  and  reddish  vaginal 
discharge  in  one  high  dose  female  from  week  50  though  week  58. 

Respiratory  signs,  characterized  by  dyspnea,  wheezing,  and/or 
reddish  nasal  discharge,  were  noted  in  treated  and  control  rats 
during  the  latter  part  of  the  first  year  with  the  incidence  in- 
creasing for  all  groups  as  the  animals  aged.  In  week  110,  most  of 
the  surviving  animals  had  a hunched  appearance,  sores  on  the  body, 
and  dyspnea. 

The  first  palpable  nodule  was  noted  during  the  latter  part  of 
the  first  year  in  the  axilla  of  a high  dose  female.  Several  palpable 
nodules,  tissue  masses,  or  wart-like  lesions  were  noted  in  all  groups 
during  the  second  year  of  the  study. 

B . Survival 

The  estimated  probabilities  of  survival  for  male  and  female  rats 
in  the  control  and  te trachloroethylene-dosed  groups  are  shown  in 
Figure  2. 

For  both  male  and  female  rats,  the  Tarone  test  indicated  a 
statistically  significant  association  (P  < 0.001)  between  increased 
dosage  and  elevated  mortality.  For  both  sexes  this  association  was 
particularly  marked  after  30  weeks. 

Fifty  percent  of  the  high  dose  males  died  by  week  44,  and  50 
percent  of  the  high  dose  females  died  by  week  66.  By  comparison,  the 
median  survival  for  each  of  the  control  groups  was  over  88  weeks  for 
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PROBABILITY  OF  SURVIVAL  PROBABILITY  OF  SURVIVAL 


TIME  ON  TEST  (WEEKS) 


TIME  ON  TEST  (WEEKS) 

FIGURE  2 

SURVIVAL  COMPARISONS  OF  TETRACHLOROETHYLENE  CHRONIC  STUDY  RATS 
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the  males  and  over  102  weeks  for  the  females.  The  early  deaths  and 
their  significant  association  with  dose  levels  imply  that  optimum 
dosage  was  exceeded  in  the  rats.  These  unusually  early  deaths  were 
not  associated  with  observed  tumors. 

C . Pathology 

Histopathologic  findings  on  neoplasms  in  rats  are  tabulated  in 
Appendix  A (Tables  A1  and  A2);  findings  on  nonneoplastic  lesions  are 
tabulated  in  Appendix  C (Tables  Cl  and  C2). 

Toxic  nephropathy  was  noticed  early  in  the  study  and  occurred  in 
43/49  low  dose  males,  47/50  high  dose  males,  29/50  low  dose  females, 
39/50  high  dose  females,  and  in  no  control  animals.  Microscopically, 
toxic  nephropathy  was  characterized  by  degenerative  changes  in  the 
proximal  convoluted  tubules  at  the  junction  of  the  cortex  and  medulla, 
with  cloudy  swelling,  fatty  degeneration,  and  necrosis  of  the  tubular 
epithelium.  Some  affected  tubules  were  empty,  others  were  filled  with 
hyalin  casts.  In  occasional  tubules,  the  damaged  cells  were  replaced 
by  enlarged  darkstaining  regenerative  tubular  epithelial  cells.  At 
this  stage  the  kidney  often  had  infiltration  of  inflammatory  cells, 
fibrosis,  and  focal  mineralization. 

Renal  neoplasms  were  either  malignant  mixed  tumors  or  hamarto- 
mas.  Malignant  mixed  tumors  occurred  in  1/19  untreated  control 
males,  2/20  vehicle  control  males,  1/49  low  dose  males,  and  0/50  high 

•k 

Nonneoplastic  proliferative  lesions  composed  of  lipocytes,  tubular 
structures,  and  fibroblasts  in  varying  proportions. 
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dose  males.  One  high  dose  female  (1/50)  was  the  only  female  in  which 
these  malignant  mixed  tumors  were  observed.  Hamartomas  occurred  in 
1/20  vehicle  control  males,  1/50  high  dose  males,  and  1/20  untreated 
control  females.  They  were  not  detected  in  any  other  animals. 
Malignant  mixed  tumors  were  composed  predominantly  of  spindled  cells 
and  immature  fat  cells  with  nuclear  variability  (atypia)  and  occa- 
sional mitotic  figures  present.  The  cells  comprising  the  epithelial 
component  (embryonic  renal  tubules)  of  the  malignant  neoplasms  were 
not  appreciably  different  from  those  present  in  the  hamartomas.  The 
malignant  mixed  tumors  were  not  well-circumscribed.  There  was 
extensive  invasion  and  destruction  of  the  adjacent  renal  tissue  and 
the  neoplasm  often  extended  beyond  the  renal  capsule  to  involve  the 
surrounding  abdominal  viscera.  The  hamartomas  were  composed  of  a 
mixture  of  mature  fat  cells,  occasional  renal  tubules  that  were 
embryonic  in  appearance,  and  spindled  cells.  These  lesions  were 
generally  circumscribed  from  the  surrounding  renal  parenchyma. 

Other  inflammatory,  degenerative,  and  proliferative  lesions 
observed  in  control  and  test  animals  were  similar  in  number  and  kind 
to  those  spontaneous  lesions  found  in  aged  rats. 

No  pathologic  evidence  of  the  carcinogenicity  of  tetrachloro- 
ethylene  was  noted;  however,  te trachloroethylene  caused  toxic  nephro- 
pathy in  the  kidneys  of  the  male  and  female  rats. 

D.  Statistical  Analyses  of  Results 

The  results  of  the  statistical  analyses  of  tumor  incidence  in 
rats  are  summarized  in  Tables  3 and  4.  The  analysis  for  every  type 
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of  tumor  that  was  observed  in  more  than  5 percent  of  any  of  the 
tetrachloroethylene-dosed  groups  of  either  sex  is  included. 

Neither  the  Cochran-Armitage  tests  nor  the  Fisher  exact  tests 
indicated  any  statistically  significant  increase  in  the  proportion 
of  tumors  found  in  dosed  groups  over  that  found  in  either  control 
group  for  any  tumor  type  for  either  sex.  This  experiment,  therefore, 
provides  no  evidence  of  the  carcinogenicity  of  tetrachloroethylene  in 
rats . 

To  provide  additional  insight,  95  percent  confidence  intervals 
on  the  relative  risk  have  been  estimated  and  entered  in  the  tables 
based  upon  the  observed  tumor  incidence  rates.  The  implication  of 
such  intervals  is  that  in  95  percent  of  a large  number  of  identical 
experiments,  the  true  ratio  of  the  tumor  rate  of  the  dosed  group  to 
that  of  the  control  group  would  be  inside  the  interval  as  calculated 
from  this  experiment.  In  many  of  the  intervals  shown  in  Tables  3 and 
4,  the  value  one  is  included;  this  indicates  the  absence  of  statisti- 
cally significant  results.  It  should  also  be  noted  that  many  of  the 
confidence  intervals  have  an  upper  limit  greater  than  one,  indicating 
the  theoretical  possibility  of  a significantly  increased  rate  of  tumor 
incidence  induced  in  rats  by  tetrachloroethylene  that  could  not  be 
established  under  the  conditions  of  this  test. 
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IV.  CHRONIC  TESTING  RESULTS:  MICE 


A.  Body  Weights  and  Clinical  Observations 

There  were  no  appreciable  differences  in  mean  body  weight  gain 
between  dosed  mice  and  untreated  mice  of  either  sex  during  this 
bioassay  (Figure  3).  Dosed  male  mice  did,  however,  gain  less  weight 
than  vehicle  control  males  after  the  first  three  months,  and  dosed 
female  mice  did  gain  less  than  vehicle  control  females  during  the 
second  year  of  the  bioassay. 

Appearance  and  behavior  were  generally  similar  for  control  and 
treated  mice  during  the  first  26  weeks  of  the  study.  Signs  often 
observed  in  group-housed  laboratory  mice  were  noted  with  a slightly 
greater  frequency  in  the  treated  mice  of  both  sexes  than  in  the 
respective  control  animals  during  the  remainder  of  the  first  year. 
These  signs  included  body  sores  (particularly  in  the  males),  anal  or 
penile  irritation,  rough  or  stained  fur,  and  generalized  or  localized 
alopecia. 

A greater  number  of  treated  mice  of  both  sexes  showed  a hunched 
appearance  from  week  42  through  week  62.  Thereafter,  surviving  test 
animals  exhibited  a hunched  appearance  at  a comparable  frequency  to 
the  controls.  A low  incidence  of  bloating  or  abdominal  distension 
was  noted  in  the  treated  groups  during  the  second  year  of  the  study. 
Nodules  were  palpated  on  the  ventral  region  of  a few  animals  as  early 
as  week  6;  however,  most  of  these  palpable  nodules  were  not  persistent 
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• FIGURE  3 

GROWTH  CURVES  FOR  TETR ACHLOROETHYLENE  CHRONIC  STUDY  MICE 
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and  were  probably  abscesses  that  drained  and  healed  during  the  course 
of  the  study. 

B . Survival 

The  estimated  probabilities  of  survival  for  male  and  female  mice 
in  the  control  and  tetrachloroethylene-dosed  groups  are  shown  in 
Figure  4. 

For  mice  of  both  sexes  the  Tarone  test  indicated  a significant 
(P  < 0.001)  association  between  increased  dosage  of  tetrachloro- 
ethylene  and  elevated  mortality.  Fifty  percent  of  each  control  group 
of  male  mice  survived  to  termination  of  the  experiment  (over  90  weeks), 
compared  to  a median  survival  of  78  weeks  in  the  low  dose  males  and 
43  weeks  in  the  high  dose  males.  In  female  mice,  the  median  survival 
for  both  vehicle  and  untreated  controls  was  over  90  weeks  (termination 
of  the  experiment)  compared  to  62  weeks  in  the  low  dose  group  and  50 
weeks  in  the  high  dose  group.  As  may  be  seen  in  Figure  4,  the  sur- 
vival curves  for  the  high  dose  groups  of  both  sexes  were  substantially 
lower  than  the  control  group  curves  after  40  to  45  weeks.  While  the 
early  mortality  in  mice  may  indicate  that  the  optimum  dose  was 
exceeded,  it  must  also  be  noted  that  liver  tumors  were  found  in 
substantial  numbers  of  the  mice  of  both  sexes  that  died  early  in  the 
experiment . 

C.  Pathology 

Histopathologic  findings  on  neoplasms  in  mice  are  tabulated  in 
Appendix  B (Tables  Bl  and  B2);  findings  on  nonneoplastic  lesions  are 
tabulated  in  Appendix  D (Tables  Dl  and  D2). 
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TIME  ON  TEST  (WEEKS) 


TIME  ON  TEST  (WEEKS) 


FIGURE  4 

SURVIVAL  COMPARISONS  OF  TETRACHLOROETHYLENE  CHRONIC  STUDY  MICE 
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Hepatocellular  carcinomas  occurred  in  2/17  (12  percent)  untreated 
control  males,  2/20  (10  percent)  vehicle  control  males,  32/49  (65 
percent)  low  dose  males,  27/48  (56  percent)  high  dose  males,  2/20  (10 
percent)  untreated  control  females,  0/20  vehicle  control  females, 

19/48  (40  percent)  low  dose  females,  and  19/48  (40  percent)  high  dose 
females.  Hepatocellular  carcinomas  metastasized  to  the  kidney  in 
1/18  untreated  control  males  and  to  the  lung  in  3/49  low  dose  males, 
1/49  low  dose  females,  and  1/48  high  dose  females. 

The  hepatocellular  carcinomas  varied  greatly  in  appearance. 

Some  lesions  consisted  of  well-differentiated  hepatocytes  that  were 
arranged  in  relatively  uniform  hepatic  cords.  Other  hepatocellular 
carcinomas  had  very  anaplastic  cells  with  large  hyperchromatic 
nuclei,  often  with  inclusion  bodies  and  with  vacuolated,  pale  cyto- 
plasm. Arrangement  of  the  neoplastic  cells  varied  from  short  stubby 
cords  to  nests  of  hepatic  cells  and  occasionally  acinar  formation. 
Mitotic  figures  were  often  present.  Some  of  the  tumors  were  charac- 
terized by  discrete  areas  of  highly  anaplastic  cells.  The  hepatic 
neoplasms  occurring  in  the  control  mice  were  not  different  in  appear- 
ance from  those  noted  in  the  mice  receiving  tetrachloroethylene. 

Nonneoplastic  hepatic  cell  proliferation  (foci  of  altered  hepa- 
tic cells)  was  found  only  in  3/48  high  dose  male  mice. 

Tetrachloroethylene  also  caused  toxic  nephropathy  in  40/49 
low  dose  males,  45/48  high  dose  males,  46/48  low  dose  females,  and 
48/48  high  dose  females.  This  condition  was  not  observed  in  control 
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animals.  The  toxic  effect  of  this  chemical  on  the  morphology  of  the 
epithelium  of  the  proximal  convoluted  tubules  was  similar  to  that 
seen  in  the  treated  rats. 

Chronic  murine  pneumonia  occurred  frequently.  Other  nonneoplas- 
tic lesions,  such  as  degeneration  and  inflammation  of  various  tissues, 
occurred  in  the  treated  and  control  animals  in  a relatively  low 
incidence. 

Results  of  this  pathologic  examination  indicate  that  tetrachlo- 
roethylene  is  hepatocarcinogenic  and  also  causes  toxic  nephropathy 
in  the  kidneys  of  both  male  and  female  mice. 

D . Statistical  Analyses  of  Results 

The  results  of  the  statistical  analyses  of  tumor  incidence  in 
mice  are  summarized  in  Tables  5 and  6.  The  analysis  for  every  type 
of  tumor  that  was  observed  in  more  than  5 percent  of  any  of  the 
tetrachloroethylene-dosed  groups  of  either  sex  is  included. 

Two  control  groups  were  used  in  the  standard  statistical  analy- 
ses: the  untreated  control  group  and  the  vehicle  control  group. 

The  specific  tumor  incidences  of  these  control  groups  were  compared 
to  the  corresponding  spontaneous  tumor  rates  for  the  historical 
controls  compiled  to  date  on  B6C3F1  mice  by  this  bioassay  program. 

No  significant  differences  were  observed. 

In  male  mice,  hepatocellular  carcinomas  were  found  in  large 
numbers  in  the  dosed  groups.  The  Cochran-Armitage  tests  for  positive 
dose-related  trend  were  highly  significant  using  either  the  untreated 
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controls  (P  = 0.018)  or  the  vehicle  controls  (P  = 0.006).  The  depar- 
tures from  linear  trend  were  also  significant  (P  = 0.002  and  P = 
0.001,  using  the  untreated  control  and  the  vehicle  control,  respec- 
tively) because  of  the  large  proportions  of  dosed  animals  with  this 
tumor.  Additionally,  the  Fisher  exact  tests  comparing  incidences 
among  the  control  and  dosed  groups  all  confirmed  this  positive 
finding:  untreated  control  to  low  dose  (P  < 0.001),  vehicle  control 

to  low  dose  (P  < 0.001),  untreated  control  to  high  dose  (P  = 0.001), 
and  vehicle  control  to  high  dose  (P  < 0.001).  Finally,  the  entire 
region  of  the  95  percent  confidence  interval  on  the  relative  risk  of 
the  dosed  group(s)  to  the  control  group(s)  was  greater  than  the  value 
one. 

The  first  of  the  hepatocellular  carcinomas  to  be  detected  in 
male  mice  at  necropsy  was  found  in  week  27  in  the  low  dose  group, 
compared  to  week  40  in  the  high  dose  group  and  weeks  90  and  91  in  the 
vehicle  and  untreated  control  groups.  An  additional  time-adjusted 
analysis  was  performed  to  estimate  the  probability  of  observing  a 
hepatocellular  carcinoma  in  a necropsied  male  mouse.  Based  on  Kaplan 
and  Meier  techniques,  the  probability  of  observing  a hepatocellular 
carcinoma  by  week  91  was  estimated  to  be  1.00  for  a high  dose  male 
mouse . 

These  statistical  results  indicate  that  the  occurrence  of 
hepatocellular  carcinomas  in  male  mice  was  associated  with  the 
administration  of  tetrachloroethylene  at  the  dose  levels  of  this 
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experiment.  There  were  no  other  tumors  of  male  mice  for  which 
statistical  tests  indicated  a positive  association  between  tetrachlo- 
roethylene  administration  and  tumor  incidence. 

The  incidence  of  hepatocellular  carcinoma  was  also  highly  signif- 
icant in  female  mice.  The  Cochran-Armitage  tests  for  positive  dose- 
related  trend  in  proportions  were  found  to  be  significant  compared 
both  to  the  untreated  control  (P  = 0.033)  and  to  the  vehicle  control 
(P  = 0.006).  A departure  from  linear  trend  (P  = 0.030)  was  noted 
with  the  vehicle  controls  due  to  the  sharp  increase  of  the  incidence 
of  hepatocellular  carcinomas  in  the  dosed  groups.  The  results  of  the 
Fisher  exact  tests  confirmed  this  positive  finding:  both  the  low  and 
high  dose  animals  demonstrated  significant  tumor  increases  as  compared 
to  either  the  untreated  controls  (P  = 0.014)  or  the  vehicle  controls 
(P  < 0.001).  Finally,  the  lower  limits  of  the  95  percent  confidence 
interval  of  the  relative  risk  of  the  dosed  group(s)  versus  the  control 
group(s)  were  greater  than  one. 

The  first  of  the  hepatocellular  carcinomas  to  be  detected  in 
female  mice  at  necropsy  was  found  in  week  41  in  the  low  dose  group, 
compared  to  week  50  in  the  high  dose  group  and  week  91  in  the  un- 
treated control  group.  An  additional  time-adjusted  analysis  was 
performed  to  estimate  the  probability  of  observing  a hepatocellular 
carcinoma  in  a necropsied  female  mouse.  Based  on  adjusted  Kaplan 
and  Meier  techniques,  the  probability  of  observing  hepatocellular 
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carcinoma  by  week  91  was  estimated  to  be  0.938  for  a high  dose  female 


mouse . 

These  statistical  results  indicate  that  the  occurrence  of 
hepatocellular  carcinomas  in  female  mice  was  associated  with  the 
administration  of  tetrachloroethylene  at  the  dose  levels  used  in  this 
experiment.  There  were  no  other  tumors  of  female  mice  for  which 
statistical  tests  indicated  a positive  association  between  tetra- 
chloroethylene administration  and  tumor  incidences. 

In  addition  to  the  previous  analyses,  the  incidence  of  hepato- 
cellular carcinomas  in  dosed  mice  was  compared  to  the  incidence  in 
pooled  controls.  A pooled  group  of  untreated  controls  was  formed  by 
combining  the  untreated  controls  from  the  tetrachloroethylene  study 
with  the  untreated  controls  from  the  studies  of  methylchlorof orm , 

1 , 1-dichloroethane , and  chloroform.  Vehicle  controls  from  the  same 
four  studies  were  also  combined  to  form  a pooled  vehicle  control. 
These  pooled  controls  were  of  the  same  strain  and  were  placed  on  test 
in  the  same  room  during  a time  span  exceeding  a year.  The  results  of 
these  analyses  are  presented  in  Tables  7 and  8. 

The  Cochran-Armitage  tests  indicated  a significant  positive 
dose-related  trend  (P  < 0.001)  in  both  sexes  using  either  of  the 
pooled  control  groups.  The  significant  departures  from  linear  trend 
(P  < 0.001  in  the  male  mice  for  both  pooled  untreated  and  pooled 
vehicle  controls,  P = 0.011  in  female  mice  using  the  pooled  untreated 
controls,  and  P = 0.006  in  female  mice  using  the  pooled  vehicle 
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ANALYSES  OF  THE  INCIDENCE  OF  HEPATOCELLULAR  CARCINOMA 
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controls)  were  due  to  the  sharp  increase  in  the  incidence  of  hepato- 
cellular carcinomas  in  the  dosed  groups.  Finally,  the  Fisher  exact 
tests  also  provided  evidence  of  the  existence  of  a positive  dose- 
response  relationship,  since  every  comparison  of  a dosed  group  to  a 
pooled  control  was  highly  significant  (P  < 0.001). 
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V.  DISCUSSION 


Under  the  conditions  of  this  study,  administration  of  tetrachlo- 
roethylene  was  associated  with  a significantly  increased  incidence 
of  hepatocellular  carcinomas  in  both  low  and  high  dose  groups  of  male 
and  female  mice.  Because  of  inadequate  survival,  the  bioassay  on 
rats  must  be  considered  inconclusive. 

Statistical  tests  indicated  a strong  association  between  adminis- 
tration of  tetrachloroethylene  and  the  occurrence  of  hepatocellular 
carcinomas  in  both  male  and  female  mice.  Incidence  of  hepatocellular 
carcinomas  exhibited  a significant  positive  dose-related  trend  in 
mice  of  both  sexes.  Hepatocellular  carcinomas  appeared  early  in 
dosed  mice.  The  first  hepatocellular  carcinoma  observed  at  necropsy 
occurred  in  a male  low  dose  mouse  that  died  during  week  27.  No 
hepatocellular  carcinomas  were  observed  in  control  mice  dying  before 
week  90.  A time-adjusted  analysis,  based  on  Kaplan  and  Meier 
techniques,  estimated  that  the  probability  of  observing  hepatocellular 
carcinoma  by  week  91  was  1.00  for  a high  dose  male  mouse  and  0.938  for 
a high  dose  female  mouse.  A small  number  of  hepatocellular  carcinomas 
in  tetrachloroethy lene-treated  mice  of  both  sexes  metastasized  to  the 
lung,  while  a single  hepatocellular  carcinoma  in  an  untreated  control 
male  metastasized  to  the  kidney. 

No  other  tumors  were  observed  in  male  or  female  mice  for  which 
statistical  tests  indicated  a positive  association  between  tetrachlo- 
roethylene treatment  and  tumor  incidence. 
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Mice  were  housed  in  a room  where  other  bioassays  for  carcinogeni- 
city were  being  performed;  however,  stringent  measures  were  taken  to 
prevent  cross-contamination  of  animals.  The  low  incidence  of  neo- 
plasms in  control  mice  suggests  that  no  significant  extraneous  expo- 
sure to  carcinogens  occurred. 

No  significant  increase  in  tumor  incidence  was  observed  among 
rats  treated  with  tetrachloroethylene , but  because  of  a high  rate  of 
early  deaths  in  treated  rats  the  results  of  this  bioassay  do  not 
allow  an  evaluation  of  the  carcinogenicity  of  this  compound.  Mortal- 
ity rates  for  rats  were  dose-related.  Fifty  percent  of  the  high  dose 
male  rats  had  died  by  week  44  and  50  percent  of  the  high  dose  females 
had  died  by  week  66.  Toxic  nephropathy  was  observed  in  rats  that 
died  early  in  the  study  (as  early  as  week  20  for  male  rats  and  week 
28  for  female  rats).  Lesions  indicative  of  pneumonia  were  observed 
at  necropsy  in  nearly  all  rats  in  this  bioassay. 

In  bioassays  using  the  same  strain  of  rats  following  a similar 
protocol  and  conducted  by  the  same  laboratory,  only  a low  incidence 
(about  5 percent)  of  hepatocellular  carcinoma  was  observed  in  rats 
receiving  carbon  tetrachloride  (considered  a positive  control) 
(National  Cancer  Institute,  1976).  It  appears,  therefore,  that  the 
Osborne-Mendel  rat  has  a low  degree  of  sensitivity  to  induction  of 
hepatocellular  carcinoma  by  chlorinated  organic  compounds. 

The  results  of  this  study  indicate  that  tetrachloroethylene  is 
a liver  carcinogen  in  B6C3F1  mice  of  both  sexes.  The  lack  of  an 
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observable  carcinogenic  effect  in  rats  may  be  due  to  poor  survival  of 
high  dose  rats  and  to  a low  degree  of  susceptibility  to  hepatocellular 


carcinoma  in  the  Osborne-Mendel  rat.  The  toxic  effect  of  tetrachloro- 
ethylene  on  the  kidney  was  evident  in  both  species.  Toxic  nephropathy 
was  observed  in  79  percent  of  the  dosed  rats  and  93  percent  of  the 
dosed  mice. 
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APPENDIX  A 


SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS 
IN  RATS  TREATED  WITH  TETRACHLOROETHYLENE 


I 


TABLE  AI 

SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  MALE  RATS  TREATED  WITH  TETRACHLOROETHYLENE 


CONTROL  (UN TR) 
01 -141 M 

CONTROL  (VEH) 
01-091 M 

LOW  DOSE 
C1-142M 

HIGH 

0 1- 

DOSE 
1 4 3M 

AN  IMA  IS 

INITIALLY  IN  STUDY 

2" 

20 

50 

50 

ANIMALS 

NFCROPS  LED 

20 

20 

50 

50 

ANIMALS 

EXAMINED  H ISTO  PA I HO LOGIC A LLY 

**  2n 

20 

49 

SO 

INT  EGUMENTARY  SYSTEM 

* SU BCUT  TISSUE 
PIBRCMA 

HEM  AN  G TO  S ARCOK  A 


° ES  P I R AT  0 3 Y SYSTEM 

tl'TNG  (2  0) 

A DENOSQ'IA  MGUS  CARCINOMA 


HEMATOPOIETIC  SYSTEM 


•SU3CUT  TISSUE 

MALIG. LY MPHCMA,  HISTIOCYTIC  TYPE 

(20) 

(20) 

(50) 

(SO) 

1 

♦SPLEEN 

HEMA  NGIOSA RCOMA 

(19) 

2 (115) 

(20) 

1 

(35) 

(49) 

1 (25) 

(50) 

♦CERVICAL  LYMPH  NODE 

ADENOSQUAMOUS  CARCINOMA,  METASTA 

(19) 

(20) 

1 

(55) 

(49) 

(44) 

1 (555 ) 


(48) 


(50) 


(20) 

1 (55) 


(2  0] 


(50) 


1 (25) 


(50) 

1 (25) 
1 (25) 


CIFCULATO-Y  SYSTEM 
NONE 


DIGESTIVE  SYSTEM 


NONE 


UR  I N A3  Y SYSTEM 


(50) 

1_115L 

♦ Nl'MBEF.  OF  ANIMALS  WITH  TISSUE  EXAMINED  MICROSCOPICALLY 

* NUM3ER  OF  ANIMALS  NECROPSIES 
‘‘EXCLUDES  PARTIALLY  AUTOLYZED  ANIMALS 


# KID  SEY  (19) 

ADENOSQUAMOUS  CARCINOMA,  META ST A 
MIXED  TUMOR,  MALIGNANT  1 (55) 

HAMARTOMA 


(20) 

1 (55) 

2 (105) 


(49) 

1 (25) 
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TABLE  A1  (CONTINUED) 


CONTROL  (UNTS)  CONTROL  (VEH)  LOW  DOSS  HIGH  DOSE 

91-141M  0 1-9911  01-1421  01-1431 


ENDOCRINE  SY  ST  El 

#PI  TUI  TAP  Y 

C HRn  MCFH  OB  E ADENOMA 
CHROMOPHOBE  CARCINOMA 


#T  HY  ROID 

FCL1ICULAR-C  ELL  ADENOMA 
FOLLICULAR-CELL  CARCINOMA 
C-CELL  ADENOMA 

#PA  NCP  EA  TIC  ISLETS 
ISLET -CELL  A DENOMA 


(19) 

3 (16K) 

1 (3%) 

(19) 

1 (3%) 


(19) 

2 (11*) 


(2  0) 

(20) 

1 (5* ) 

(19) 


(49) 

1 (2*) 

(48) 


(48) 

1 (2*) 


(44) 


(49) 


1 (2*) 

(30) 

1 (2%) 


a EPP.ODUCT  TVS  SYSTEM 

♦MAMMARY  GLAND  (20)  (20)  (50)  (50) 

FIBROADENOMA  1 (3%) 


NERVOUS  SYSTEM 

* B R AIN  (19)  (2'1)  (49)  (30) 

CHROMOPHOBE  CARCINOMA,  METASTATI  1 (5%) 

SPECIAL  SENS  2 ORGANS 
NONE 

MUSCULOSKELETAL  SYSTEM 
NONE 


BODY  CAVITIES 

♦ ABDOMINAL  CAVITY  (20)  (29)  (30)  (30) 

SFINEI E/GIA  NT-C  ELL  CARCINOMA  1 (5%) 


ALL  OTHER  SYSTEMS 
NONE__. 


# NUMBER  OF  ANIMALS  WITH  TISSUE  EXAMINED  MICROSCOPICALLY 

♦ NUMBER  OF  ANIMALS  NECROPSIED 
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TABLE  A1  (CONCLUDED) 


CONTPOL  (HNTP.)  CONTROL  (VEH)  LOS  DOS'  HIGH  DO  SE 

0 1—14  1?*  01-P91M  D 1-  1 «2M  3 1 - 1 4 3 M 


AN  ID  M DISPOSITION  SUMMAPY 


AN  I MIS  INITIALLY  IN  STUDY  20 

NATUFAL  D PATHS  14 

kc?-3und  sac? ic ice  i 

SCHEDULED  SACRIFICE 
ACCIDENTALLY  KILLED 

■"IP  NINA!  S AC?  I “ICE  5 

ANIMAL  MISSING 


2C 

IP 


2 


43 

1 


6 


SO 

48 


J INCLUDES  A.'TCLYEED  AN  IK  ALS 


TUNC?  S”P"A?V 


TOTAL  ANIMALS  WITH  PPIKAPY  TUMOPS*  9 

TOT  AL  PPTMAPY  TUMORS  12 

TOTAL  AN  IK  ALS  WITH  BE  HIGH  T'JHCRS  6 

TOTAL  BENIGN  TUMORS  7 

TOTAL  ANIMALS  WITH  MALIGNANT  TUMORS  5 
TCTAL  MALIGNANT  TUMORS  5 

TOTAL  ANIMALS  WITH  SECONDARY  TUMORS*  1 
TOTAL  SECONDARY  TO  POPS  1 

TOTAL  ANIMALS  KITH  TUMORS  UNCEP.TAIN- 

BENIGN  OP  MALIGNANT 

TOTAL  UNCERTAIN  TUMORS 

TOTAL  ANIMALS  HUH  TUMORS  USCERTAIH- 

PRIMAPY  CR  "ETASTATIC 
TOTAL  UNCERTAIN  TUMORS 

* PF'KAFY  TUMORS:  ALL  TUMORS  EXCEPT  SECONDARY  TUMORS 

* SECONDAPY  TUMORS:  METASTATIC  TUMORS  OR  TUMORS  INVASIVE  INTO  AN  ADJACENT  Op  GAN 


TABLE  A2 

SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  FEMALE  RATS  TREATED  WITH  TETRACHLOROETHYLENE 


CONTROL  (UNTR  ) 

CONTROL  (VEH) 

LOW  DOSE 

HIGH 

DO  SE 

n i- 14  if 

0 1-091F 

0 1-  144F 

01-145P 

AKIM  MS  INITIALLY  IN  STUDY 

2Q 

20 

50 

5^ 

ANIMALS  NSC R OF SI  ED 

20 

20 

50 

S" 

ANIMALS  EXAMINED  HISTOPA THOLOGICALLY 

**  20 

20 

50 

INTEGUMENTARY  SYSTEM 

* SKIN 

(20) 

(2  0) 

(5  0) 

(50) 

FTBROSAOCOK  A 

1 

(2%) 

♦SUBCUT  TISSUE 

(20) 

(20) 

(50) 

(50) 

FIBROMA 

1 

(2%) 

FIBROSARCOMA 

1 (5%) 

2 

(4%) 

LIPOMA 

1 (2-0 

1 

(2%) 

HEM  AN  GIO  S A?  CO  M A 

1 (2%) 

p ES  ? I?  AT  0?  Y SYSTEM 

# LU  NG 

(20) 

(2  0) 

(50) 

(50) 

ADENOCARCINOMA , NOS,  METASTATIC 

1 ( 2%) 

1 

(2%) 

HFM  ATOPOIET IC  SYSTEM 

♦MULTIPLE  ORGANS 

(20) 

( 2 0) 

(50) 

(50) 

MALIG.  LYMPHOMA,  HISTIOCYTIC  TYPE 

1 

(2%) 

LYMPHOCYTIC  LEUKEMIA 

1 (2X) 

♦SUBCUT  TISSUE 

(2  0) 

( 2A  ) 

(50) 

(50) 

MALIG. LYMPHOMA , HISTIOCYTIC  TYPE 

1 (2%) 

FSPLEEN 

(20) 

(2  0) 

(50) 

(50) 

ADENOCARCINOMA,  NOS,  METASTATIC 

1 (2  36) 

MALIG. LYMPHOMA,  HISTIOCYTIC  TYPE 

1 (5%) 

#THY MUS 

(16) 

(15) 

(31) 

(2  3) 

1 1 FOMA 

1 

(4%) 

CIRCULATORY  SYSTSM 

N JNE 

# HUMBER  OF  ANIMALS  WITH  TISSUE  EXAMINED  MICROSCOPICALLY 

* NUMBER  OF  ANIMALS  NECROPSIES 
♦♦EXCLUDES  PARTIALLY  AUTOLYZED  ANIMALS 
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TABLE  A2  (CONTINUED) 


CONTROL  (UNTR ) 

0 1- 14  IF 

CONTROL  (VE  H) 
C 1-P91F 

LCW  DCSE 
01-144? 

HIGH  DD  SE 
01-1U5F 

DIGESTIVE  SYSTEM 


•LIVEP 

ADENOCARCINOMA,  NOS,  METASTATIC 
NEOPLASTIC  NODULE 

(20) 

1 (5%) 

(19) 

(50) 

1 (2%) 

(33) 

• P A NC  REA S 

AFENCCARCI NOMA , NOS,  METASTATIC 

(2  0 ) 

(18) 

(50) 

1 (2%) 

(50) 

•STOMACH 

ADENOCARCINOMA,  NOS,  METASTATIC 

(20) 

(20) 

(50) 

1 (2%) 

(50) 

URINARY  SYSTEM 

•KIDNEY 

HA  MAPTCMA 

(20) 

1 (5  %) 

(2  0) 

(50) 

(50) 

•RIGHT  KIDNEY 

MIXED  TUMOR,  MALIGNANT 

(20) 

(20) 

(5C) 

(50) 

1 (2%) 

ENDOCRINE  SYSTEM 

•PITUITARY 

CHRCM0FH03E  ADENOMA 

(2  0) 

8 (40%) 

(20) 

4 (2P%) 

(50) 

9 (18%) 

(50) 

8 (12%) 

•ADRENAL 

CORTICAL  CARCINOMA 
MIXED  TUMOR,  METASTATIC 

(20) 

(20) 

(50) 

(SO) 

1 (2%) 
1 (2%) 

•THYROID 

FOLLICULAR -C ELL  ADENOMA 
C-CELL  ADENOMA 
C-CELL  CARCINOMA 

(1R) 

2 (11%) 

(20) 

(49) 

( 50) 

1 (2%) 

1 (2%) 

• PANCREATIC  ISLETS 
ISLET-CELL  ADENOMA 

(2  0) 

1 (3%) 

(18) 

(50) 

1 (2%) 

(50) 

SEPFODUCT IVE  SYSTEM 

♦MAMMARY  GLAND 
ACENCMA,  NOS 
ADENOCARCINOMA,  NOS 
FIBROMA 
FIBROADENOMA 

(20) 

3 ( 1 5%) 

(2  0) 

1 (5%) 

3 (15%) 

(50) 

1 (2%) 

1 (2%) 

1 i14%L 

(50) 

1 (2%) 

2 (4%) 

Z.JJifil. 

* Nil  M8EF  CF  ANIMALS  WITH  TISSUE  EXAMINED  MICROSCOPICALLY 

* NUMBER  OF  ANIMALS  NECROPSISD 
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TABLE  A2  (CONTINUED) 


CONTROL  (UNTS)  CONTROL  (VEH)  LOW  DOSE  HIGH  DOSE 

0 1-  1 4 1 F 0 1-0  9 IF  0 1 - 1 4 4 F 91 -1 45 F 


♦ UTERUS  (20)  (14) 

ADENOCARCINOMA,  NOS 

ENDOMET? I AL  STROMAL  POLYP  1 (5%) 


(48) 

1 (2%) 


(50) 


♦ OVARY  (20) 

ADENCCAP.CINCNA  , NOS,  METASTATIC 
CYSTADENOCAFCINOMA , NOS 
GRANULOSA- CELL  CARCINOMA 


(20)  (50)  (50) 

1 (2%) 

1 (2%) 

1 (5*) 


NERVOUS  SYSTEM 


NONE 


SPECIAL  SENS  E ORGANS 
NCNE 

MUSCULOSKELETAL  SYSTEM 
NONE 

BODY  CAVITIES 

‘ABDOMINAL  CAVITY  (20)  (20)  (50)  (50) 

ADENOCARCINOMA,  NOS,  KEIASTATIC  1 (2%) 

ALL  OTHER  SYSTEMS 
NONE 


ANIMAL  DISPOSITION  SUMMARY 

ANIMALS  INITIALLY  IN  STUDY  20 

NATURAL  DEATH®  P. 

MORIBUND  SACRIFICE 
SCHEDULED  SACRIFICE 
ACCIDENTALLY  KILLED 

TERMINAL  SACRIFICE  12 

ANIMAL  MISSING 


2^  50  50 

12  32  36 

1 


4 17  14 


3_ia£LilD£S_AUTOL  YZSD_ ANIMALS 


♦ 

* 


NUMBER  OF 
NUMBER  OE 


ANIMALS  WITH  TISSUE 
ANIMALS  NEC  POP  31  ED 


FY  AM  I NED  M I CRFi  SCOn  IC  ALL  Y 
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TABLE  A2  (CONCLUDED) 


CONTPOL  (UNTR ) 

CON 

TROL  (VE  H) 

LOW  DOSE 

HIGH  DOSE 

0 1- 14  IF 

c 1 

- 0 9 IF 

0 1 - 1 4 4 F 

0 1 - 1 4 5 F 

TUMOR  SUMMARY 

TOTAL  ANIMALS  WITH  PRIM  AH  I T'1M0C  S* 

1 3 

7 

17 

15 

TOTAL  PRIMARY  TUMORS 

18 

10 

25 

27 

TOTAL  ANIMALS  WITH  3ENIGN  TUMORS 

1 3 

6 

14 

12 

TOT  AL  BENIGN  TUMORS 

16 

7 

19 

1 8 

TOTAL  ANIMALS  WITH  MALIGNANT  TUMORS 

1 

2 

6 

T 

TOTAL  MALIGNANT  TUMORS 

1 

3 

6 

9 

TOTAL  ANIMALS  WITH  SECONDARY  TUMORS# 

1 

2 

TOTAL  SECONDARY  TUMORS 

7 

2 

TOTAL  ANIMALS  WITH  TUMORS  UNCERTAIN- 
BENIGN  DP  MALIGNANT 

1 

TOTAI  UNCERTAIN  TUMORS 

1 

TOTAI  ANIMALS  WITH  TUMORS  UNCERTAIN- 
PRIMARY  OR  METASTATIC 

TOTAI  UNCERTAIN  TUMORS 

* PRIMARY  TUMORS:  ALL  TUMORS  EXCEPT  SECONDARY  TUMORS 

* SECONDARY  TUMORS:  METASTATIC  TUMORS 

OR  TUMORS  INVASIVE 

INTO  AN  ADJACENT  ORGAN 
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APPENDIX  B 


SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS 
IN  MICE  TREATED  WITH  TETRACHLOROETHYLENE 


TABLE  B1 

SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  MALE  MICE  TREATED  WITH  TETRACHLOROETHYLENE 


CONTROL  (UNTP. ) 

CONTROL  (VE  H) 

LOW  DOSE 

HIGH  DOSE 

0 2-M  1 4 1 

9 2- M 1 3 1 

02-M142 

02-MI  43 

ANIMALS  INITIALLY  IN  STUDY 

20 

20 

50 

50 

ANIMALS  MISSING 

2 

ANIMALS  NECROPSIED 

18 

20 

49 

47 

ANIMALS  EXAMINED  H ISTO PATH OLOGICA LL Y 

**  18 

20 

4 9 

47 

INTEGUMENTARY  SYSTEM 

NONE 

RESPIRATORY  SYSTEM 

#LU  NG 

(18) 

(20) 

(49) 

(46) 

HEPATOCELLULAR  CARCINOMA,  MSTAST 

3 (6%) 

ALVEOLAR/BPCNCHIOLAR  ADENOMA 

2 (11%) 

3 (6%) 

HEMATOPOIETIC  SYSTEM 

♦MULTIPLE  OP  G AN  S 

(18) 

(2  0) 

(49) 

(4  7 ) 

MA LIG. LY MPHOMA,  HISTIOCYTIC  TYPE 

1 (6%) 

1 (5%) 

# LIVER 

(I7) 

(20) 

(49) 

(48) 

MA LIG . LY MPHOMA , HISTIOCYTIC  TYPE 

1 (5%) 

Z IPCfILAT  0?  Y SYSTEM 

NONE 

DIGESTIVE  SYSTEM 

# LIV  E R 

O7) 

(20) 

(49) 

(4°) 

HEPATOCELLULAR  CARCINOMA 

2 (12%) 

2 (10%) 

32  (65%) 

27  (56%) 

JRINAPY  SYSTEM 

#K  I DN  EY 

(18) 

(2  0) 

(49) 

(44) 

HEPATOCELLULAR  CARCINOMA,  METAST 

1 (6%) 

TUBULAR-CELL  ADENOCARCINOMA 

1 (2*1  . 

* NUMBEF  OF  ANIMALS  WITH  TISSUE  EXAMINED  MICROSCOPICALLY 

* NUMBER  OF  ANIMALS  NECROPSIED 
**EXCLUDES  PARTIALLY  AUTOLYZED  ANIMALS 


B-3 


TABLE  B-l  (CONTINUEDI 


CONTROL  (UNTR ) 
02-M 141 

CONTROL  (VE  H) 
0 2-  M 1 3 1 

LOW  DOSE 
02-M142 

HIGH  DOSE 
02-MI  43 

ENDOCRINE  SYSTEM 

•THYROID 

FCLLICULAE-C ELL  ADENOMA 

(18) 

(2  0) 

1 (5%) 

(4  3) 

(UR) 

1 

(2  05) 

REPRODUCTIVE  SYSTEM 
NOME 

NE?  VO  NS  SYSTEM 

(18)  (1  0 ) (4°)  (48) 

1 (5*) 

SPECIAL  SENSE  ORGANS 
NONE 

MUSCULOSKELETAL  SYSTEM 
NONE 

BODY  CAVITIES 
NONE 

ALL  OTHER  SYSTEMS 

NONE 

# NUM3EF  OF  ANIMALS  WITH  TISSUE  EXAMINED  M ICED  SCOP ICALLY 

* NUMBER  OF  ANIMALS  NECROPSIES 


•CESEBFUM 

EPENDYMOMA 


B-4 


TABLE  B 1 (CONCLUDED) 


CONTROL  (IJNTR  ) 

CONTROL  (VE  H) 

LOW  DOSE 

HIGH  DDSE 

0 2-M 1 4 1 

02-M 131 

02-M 14 2 

02-MI  43 

ANIMAL  DISPOSITION  SUMMARY 

ANIMALS  INITIALLY  IN  STUDY 

20 

20 

5^ 

so 

NATURAL  DEATHS 

9 

10 

28 

38 

MORIBUND  S AC° IF IC  E 
SCHEDULED  SACRIFICE 
ACCIDENTALLY  KILLED 

3 

TEDMINAL  SACRIFICE 

1 1 

10 

14 

1 0 

ANIMAL  MISSING 

2 

9 INCLUDES  AUTCLYZED  ANIMAL? 


TUMOR  SUMMARY 

TOTAL  ANIMALS  WITH  PRIMARY  TUMORS*  4 

TOTAL  P?  TMA°Y  TUMORS  5 

TOTAL  ANIMALS  WITH  BENIGN  TUMORS  2 

TOTAL  BENIGN  TUMORS  2 

TOTAL  ANIMALS  WITH  MALIGNANT  TUMOFS  3 
TOTAL  MALIGNANT  TUMORS  3 

TOTAL  ANIMALS  WITH  SECONDARY  TUMORS#  1 
TOTAL  SECONDARY  TUMORS  1 

T Om  A L ANIMALS  WITH  TUMORS  UNCERTAIN- 

BENIGN  OR  MALIGNANT 

TOTAL  UNCERTAIN  TUMORS 

TOTAL  ANIMALS  WITH  TUMORS  UNCEPTAIN- 

PEIKARY  OR  METASTATIC 
TOTAL  UNCERTAIN  TUMORS 

* PRIMARY  TUMORS:  ALL  TUMORS  EXCEPT  SECONDARY  TUMORS 

# SECONDARY  TUMORS:  METASTATIC  TUMORS  OR  TUMORS  INVASIVE  INTO  AN  ADJACENT  ORGAN 


33 

36 


32 

33 


2i 

28 

1 

1 

21 

27 


B-5 


TABLE  B2 

SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  FEMALE  MICE  TREATED  WITH  TETRACHLOROETHYLENE 


CONTROL  (UN TP  ) 
02-F141 

CONTROL  (VEH) 
02-F  131 

LCW  DOSE 
02-F 144 

HIGH  DOSE 
02-F145 

ANIMALS  INITIALLY  IN  STUDY 
ANIMALS  MISSING 

20 

20 

SO 

50 

1 

ANIMALS  NECROPS I E D 

20 

20 

48 

48 

ANIMALS  EXAMINED  H ISTOP ATHOLOGICA LL Y 

**  19 

20 

48 

48 

INTEGUMENTARY  SYSTEM 

«SKIN 

SQUAMCUS  CELL  CARCINOMA 

(2  C ) 

1 (5%) 

(20) 

(48) 

(48) 

S2SP.IRATC3Y  SYSTEM 

#LIJNG 

H EPA  TCC  ELLUT  A E CARCINOMA,  HETAST 

(20) 

(2D) 

(48) 

1 (2%) 

(47) 

1 

(2%) 

ALVEOL  AS/ BROS C HIu L A?  ADENOMA 

1 (5%) 

1 

(2%) 

HEMATOPOIETIC  SYSTEM 

‘MULTIPLE  ORGANS 

(20) 

(2  0) 

(98) 

(49) 

MA  LIG.  LY  MPHOMA, 

LYMPHOCYTIC 

TYP  E 

1 (5%) 

MALIG. LYMPHOMA , 

HISTIOCYTIC 

TYPE 

2 (10%) 

1 (2%) 

# LUMBAR  LYMPH  NODE 

(20) 

(20) 

(48) 

(48) 

MALIG .LYMPHOMA , 

LYMPHOCYTIC 

TYPE 

1 (5%) 

CIRCULATORY  SYSTEM 


NONE 


DIGESTIVE  SYSTEM 

# LIVER  ..  (20)  (2  0)  (48)  (48) 

HEPATOCELLULAR  CARCINOMA  2 (1015)  19  (40%)  1?  (40%) 


US  It;  A?  Y S YST  EM 
NONE 


# NUMBER  OF  ANIMALS  WITH  TISSUE  EXAMINED  MICROSCOPICALLY 

* NUMBER  OF  ANIMALS  N EC  30  P 31  ED 
‘‘EXCLUDES  PARTIALLY  AUTOLYZED  ANIMALS 


TABLE  B2  (CONTINUED) 


r 


CONTROL  (UNTR ) 
02-F141 

CONTROL  (VEH) 
02-F131 

LOW  DOSE 
02-F144 

HIGH  DOSE 
02-El  45 

ENDCCBINE  SYSTEM 
NONE 

R-EPROCUCTIV  E SYSTEM 

•MAMMARY  GLAND 

ADENOCARCINOMA,  NOS 

(20) 

( 2 0) 

(49) 

1 (25) 

(49) 

# OVARY 

GBANULCSA-C  ELL  T'JMOH 

(20) 

(2C) 

1 (55) 

(49) 

( 4?) 

NE?  VOUS  SYST  EM 
NONE 

SPECIAL  SENS  E ORGANS 
NONE 

MUSCULOSKELETAL  SYSTEM 
NONE 

DO  D Y CAVITIES 
NONE 

ALL  OT  HE?  SYSTEMS 

NONE 

# NUMBER  OF  ANIMALS  WITH  TISSUE  EXAMINED  MICROSCOPICALLY 

* NUMBE?  OF  ANIMALS  N3CHOPSIED 


B-7 


TABLE  B2 (CONCLUDED) 


CONTROL  (UNTR) 
92-F141 

CONTROL  (VE  H) 
E 2-F  1 3 1 

LOW  DOSS 
02-F 144 

HIGH  DOSE 
02-F145 

ANIMAL  DISPOSITION  SUMMARY 

ANIMALS  INITIALLY  IN  STUDY 

20 

20 

50 

50 

NATURAL  DEATHS 

9 

2 

31 

41 

MORIBUND  SACRIFICE 

1 

i 

SCHEDULED  SACRIFICE 

ACCIDENTALLY  KILLED 

1 

TERMINAL  SACRIFICE 

1 1 

18 

1 1 

7 

ANIMAL  MISSING 

1 

9 INCLUDES  AUTOLYZED  ANIMALS 

TUMOR  SUMMARY 

TOTAL  ANIMALS  WITH  PRIMARY  TUMORS* 

4 

5 

i° 

1 9 

TOTAL  PRIMARY  TUMORS 

4 

5 

20 

21 

TOTAL  ANIMALS  WITH  3ENIGN  TUMORS 

1 

1 

TOTAL  BENIGN  TUMORS 

1 

1 

TOTAL  ANIMALS  WITH  MALIGNANI  TUMORS 

3 

4 

19 

19 

TOTAL  MALIGNANT  TUMORS 

3 

4 

20 

20 

TOTAL  ANIMALS  WITH  SECONDARY  TUMORS# 
TOTAL  SECONDARY  TUMORS 


1 


1 


TOTAL  ANIMALS  KITH  TU  MOSS  UNCERTAIN- 

BENIGN  0?  MALIGNA  NT  1 

TOTAL  UK  CERT  A IN  TUMORS  1 

TOTAL  ANIMALS  WITH  TUMORS  UNCERTAIN- 
PRIMARY C3  METASTATIC 
TOTAL  UNCERTAIN  TUMORS 


* PRIMARY  TUMORS:  ALL  TUMORS  EXCERT  SECONDARY  TUMORS 

t SECONDARY  TUMORS:  METASTATIC  TUMOcS  OP  TUMORS  INVASIVE  INTO  AN  ADJACENT  ORGAN 


APPENDIX  C 


SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC 
LESIONS  IN  RATS  TREATED  WITH  TETRACHLOROETHYLENE 


TABLE  Cl 

SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  MALE  RATS 
TREATED  WITH  TETRACHLOROETHYLENE 


CONTROL  (UNTS ) 

CONTROL  (VE  H) 

LOW  DOSE 

HIGH 

DO  SE 

0 1-  14  1M 

0 1-091 M 

01-142M 

01- 

1 43M 

ANIM  ALS 

INITIALLY  IN  STUDY  20 

20 

50 

50 

ANIMALS 

NEC R OrSI  ED  20 

20 

50 

50 

ANI  MA  LS 

EXAMINED  HISTOPATHOLOGICALLY**  20 

20 

49 

50 

INTEGUMENTARY  SYSIEM 

* SK I N 

(20) 

(2  0) 

(50) 

(50) 

EPIDERMAL  INCLUSION  CYST 

1 ( 5%) 

1 (2%) 

INFLAMMATION,  NOS 

1 (5%) 

1 (5%) 

HYnEFKEPATOSTS 

1 (5*) 

ACANTHOSIS 

1 (5%) 

‘SUBCUT  TISSUE 

(2  9) 

(20) 

(50) 

(50) 

EPIDERMAL  INCLUSION  CYST 

1 (5%) 

HEMORRHAGE 

1 (2%) 

INFLAMMATION,  NGS 

2 (4%) 

ABSCESS,  NOS 

1 (5%) 

1 (2%) 

RESPIRATORY  SYSTEM 


#1 UNG/BFONCHUS 

(20) 

(2  0) 

(48) 

(50) 

ABSCESS,  NOS 

1 (2%) 

#LU  NG 

(2  0) 

(20) 

(48) 

(50) 

PNEUMONIA,  CHRONIC  KURIN'S 

16  (80%) 

19  (9  5%) 

38  ( 79%) 

31  (82%) 

HEMATOPOIETIC  SYSTEM 

It  SPLEEN 

(19) 

(20) 

(49) 

(50) 

INFLAMMATION,  NOS 

1 (2%) 

HEM  ATO?0 IESIS 

1 (5%) 

2 (10%) 

2 (4%) 

1 (2%) 

(♦CERVICAL  LYMPH  NODE 

(19) 

(2C) 

(49) 

(49) 

INFLAMMATION,  NOS 

1 (2%) 

ft  MES  ENTERIC  L.  NODE 

(19) 

(20) 

(49) 

(49) 

P EFIA 3TSFITI S 

1 (5%) 

1 (2%) 

#THY MUS 

(16) 

no 

(18) 

( 10) 

INFLAMMATION,  NOS 

1 . 

# NUMBER  OF  ANIMALS  WITH  TISSUE  EXAMINED  MICROSCOPICALLY 

* NUMBER  OF  ANIMALS  M EC  HOP SI  El 
**EXCLUDES  PARTIALLY  AUTOLYZED  ANIMALS 


C-3 


TABLE  Cl  (CONTINUED) 


CONTROL  (UNTR ) 
0 1-  14  1M 

CONTROL  {VS  H) 
0 1-091M 

LOW  DOSE 
0 1-  142M 

HIGH  DP  SE 
0T-143M 

CIECHLATCPY  SYSTEM 

#HE  A ? T 

CALCIUM  DEPOSIT 

(20) 

2 (10*) 

(20) 

(49) 

(50) 

FMYOCARDIUM 

INFLAMMATION,  NOS 
FI B?0  SIS 

(20) 

1 (BS) 

(2  0) 

(49) 

(50) 

1 

(2%) 

*ENDCCA?DIUM 

HYPERPLASIA,  NOS 

(20) 

1 (=>%) 

(20) 

(49) 

1 (2%) 

(50) 

‘AORTA 

(20) 

(20) 

(50) 

(50) 

M f D I \ L CALCIFICATION 

3 (15%) 

3 (5%) 

1 

(2%) 

♦CORONARY  AP.TEPY 

MEDIAL  CALCIFICATION 

(20) 

2 (10%) 

(2  0) 

(50) 

(50) 

* ME  SENT EPIC  A Y 

(20) 

(20) 

(5C) 

(50) 

MEDIAL  CALCIFICATION 

1 (5%) 

2 (4%) 

2 

(4%) 

DIGESTIVE  SYSTEM 

# S A LIV  ARY  GLAND 

INFLAMMATION,  "OS 

(14) 

(1") 

1 (6%) 

(24) 

(ID 

# LIVE  R 

INFLAMMATION,  NOS 
AES  CSSS,  NOS 

(20) 

1 (■=%) 

(10) 

(49) 

1 (2%) 

(99) 

1 

(2%) 

MFT  AM  0 °P  HO  S IS  PATTY 
f^CAL  CELLULAR  CHANGE 
ANGIECTASI5 

1 (5%) 

1 (5%) 

4 (RS) 
1 (2%) 
2 (4%) 

7 

2 

1 

(14%) 

(4%) 

(2%) 

*LIV  FF/CZ NTPIL03  1JL  A K 
DEGENERATION,  NOS 

(20) 

(IP) 

(“9) 

(49) 

1 

(2%) 

# L I V ER/FEPI POSTAL 
FIB  SCSI S 

(20) 

(19) 

(99) 

(44) 

1 

(2%) 

*5 1 L P D’TCT 

HYPERPLASIA,  NOS 

(2  0) 

(20) 

(50) 

1 (2%) 

(50) 

6 

(12%) 

# PANCREAS 

(19) 

(1°) 

(98) 

(59) 

PERI  A ?TF,  PIUS 

. 1 J5%1  __ 

6 (13%) 

3 

.15%  L 

* N"MBEr.  CF  ANIMALS  WITH  TISSUE  EXAMINED  M I C°  0 S CO  F ICALLY 
« NIJ  M3  EF  OF  ANIMALS  NECROPSIES 


TABLE  Cl  (CONTINUED) 


CONTROL  (UNTE 

) CONTROL  (VE  H) 

LOW  DOSE 

HIGH 

DO  SE 

0 1-  14  1 M 

C1-991M 

0 1-  142M 

01-143M 

#STC  MACH 

(20) 

(1°) 

(UP) 

(48) 

ULCER,  FOCAL 

1 (5%) 

CALCIUM  DEPOSIT 

3 (15*) 

1 (5%) 

4 (P%) 

2 

(4%) 

URINARY  SYSTEM 

•KIDNEY 

(1  9) 

(2  0) 

(99) 

(50) 

CYST,  NOS 

2 

(4%) 

PYELONEPHF.  ITIS,  NOS 

2 (11%) 

3 (6%) 

9 

(IB*) 

INFI AMMATION , NOS 
ABSCESS,  NOS 

1 (5%) 

1 

(2%) 

IN-FI  AMMATION  , CHRONIC 

13  (68%) 

7 (35%) 

2 (9%) 

U 

(9%) 

NEPHROPATHY,  TOXIC 

93  (89%) 

47 

(94%) 

CALCIUM  DEPOSIT 

1 (5%) 

2 (9%) 

1 

(2%) 

AUPINAPY  BLADDER 

(19) 

(1°) 

(49) 

(49) 

CALCULUS,  NOS 

1 (2%) 

2 

(4%) 

INFLAMMATION,  NOS 

1 (5%) 

1 (2%) 

5 

(10%) 

hype??las:a,  epithelial 
POL  YP 

2 (4%) 

1 

(2%) 

ENDOCRINE  SYSTEM 

• 

•PITUITARY 

(19) 

(2  0) 

(49) 

(44) 

INFLAMMATION,  NOS 

1 (5%) 

•THYROID 

(19) 

(20) 

(48) 

(49) 

CYST,  NOS 

FOLLICULAR  CYST,  NOS 

1 (5%) 

1 (5%) 

3 (6%) 

1 

(2%) 

AFAPATHY  PCI D 

(19) 

(19) 

(49) 

(90) 

HYFIRTSOFHY,  NOS 

1 (2%) 

HYPERPLASIA,  NOS 

1 (5%) 

1 (2%) 

2 

(“*) 

? SP^ "DUCTIVE  SYSTEM 

• PRO  ST  ATE 

(19) 

(2) 

(33) 

(25) 

INFLAMMATION,  NOS 

2 (11%) 

1 (50%) 

4 (12%) 

3 

(12%) 

♦SEMINAL  VESICLE 

(2  0) 

(20) 

(50) 

(50) 

INFLAMMATION,  NOS 

1 (5%) 

•TESTIS 

(1°) 

(20) 

(41) 

(«°) 

ATROPHY,  NOS 

. _ _ 3 (9  2%) 

3 {15") 

9 (22%) 

5 

(10%) 

• NUMBER  OF  ANIMALS  WITH  TISSUE 

EXAMINED  MIC3OSCO? 

ICALLY 

* NU M3  E?  OF  ANIMALS  NECPOPSISD 


C-5 


TABLE  Cl  (CONCLUDED) 


CONTPOL  (UNTR  ) 

CONTROL  (VE  H) 

LOW  DOSE 

HIGH  DOSE 

0 1-  14  1 M 

0 1-091M 

n 1-  142M 

01-1 43M 

* EPI  DI  DY  MIS 

NECROSIS,  FAT 

(20) 

(20) 

1 (5%) 

(50) 

2 (4%) 

(50) 

3 (6%) 

NERVOUS  SYSTEM 

(19)  (20)  (49)  (50) 

1 (2%) 

1 (2%) 


# BR  AIN 

HYDROCEPHALUS,  NOS 
INFLAMMATION,  NOS 


SPECIAL  SENSE  ORGANS 
NONE 


MUSCULOSKELETAL  SYSTEM 


* SKELETAL  MUSCLE 
INFLAMMATION, 

NOS 

(20) 

1 (5%) 

(2  0) 

(50) 

(50) 

BODY  CAVITIES  ' 

♦PLEURA 

INFLA  MMATICN, 

NOS 

(20) 

(2  0) 

(50) 

(50) 

1 (2%) 

♦PERICARDIUM 

INFLAMMATION, 

NOS 

(20) 

(20)' 

(50) 

(50) 

2 (4%) 

♦MESENTERY 

PERIARIERITIS 

(20) 

2 (10%) 

(2  0) 

1 (5%) 

(50) 

3 (6%) 

(SO) 

3 (6%) 

ALL  OTHER  SYSTEMS 
NONE 


SPECIAL  MORPHOLOGY  SUMMARY 


NO  LESION  REPORTED  1 1 

NECROPSY  PERF/NO  HISTO  PERFORMED  1 


# NUMBER  OF  ANIMALS  WITH  TISSUE  EXAMINED  MICROSCOPICALLY 

* NUMBER  OF  ANIMALS  NECROPSIED 


C-6 


TABLE  C2 

SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  FEMALE  RATS 
TREATED  WITH  TETRACHLOROETHYLENE 


ANIMALS  INITIALLY  IN  STUDY 
ANIMALS  NECROPSISD 

ANIMALS  EXAMINED  HISTO PA TH OLOG IC ALL Y ** 


I NTEGU  ME  NTA  RY  SYSTEM 
*SKIN 

INFLAMMATION,  NOS 


R ES  P IPAT  OR  Y SYSTEM 

♦ TR  ACHE  A 

INFLAMMATION,  NOS 

# LU  NG 

PNEUMONIA,  CHRONIC  MURINE 


CONTROL  (UNTR ) 

M-141F 

CONTROL  (VEH) 
0 1-091F 

LOW  DOSE 
01- 144F 

HIGH  DOSE 
0 1 - 1 4 5 F 

20 

20 

50 

50 

20 

20 

50 

50 

20 

20 

50 

50 

(20) 

1 

(5%) 

(2  0) 

(50) 

(50) 

(20) 

(16) 

(49) 

1 (2%) 

(50) 

(20) 

19 

(95%) 

(20) 

20  (100%) 

(50) 

31  (62%) 

(50) 

37  (74%) 

HEMATOPOIETIC  SYSTEM 


♦BONE  MARROW 

(20) 

(20) 

(50) 

(50) 

METAMORPHOSIS  FATTY 

6 (30%) 

1 (2%) 

♦SPLEEN 

(20) 

(20) 

(50) 

(50) 

ABSCESS,  NOS 

1 (2%) 

HEMATOPOIESIS 

3 

(15%) 

1 (5%) 

1 (2%) 

3 (6%) 

riRCUIATCRY  SYSTEM 

♦ENDOCARDIUM 

(20) 

(20) 

(50) 

(49) 

HYPERPLASIA,  NOS 

1 

(5%) 

1 (2%) 

♦AORTA 

(20) 

(20) 

(50) 

(50) 

MEDIAL  CALCIFICATION 

1 

J5%1 

# NUMBER  OF  ANIMALS  WITH  TISSUE  EXAMINED  MICROSCOPICALLY 

* NUMBER  OF  ANIMALS  NECROPSIED 
♦♦EXCLUDES  PARTIALLY  AUTOLYZED  ANIMALS 


07 


TABLE  C2  (CONTINUED) 


CONTROL  (UNTR) 

CONTROL  (VEH) 

LOW  DOSE 

HIGH 

DOSE 

01 -14  IF 

0 1-09  IF 

0 1-  144F 

01- 145F 

DIGESTIVE  SYSTEM 

♦LIVER 

(20) 

(19) 

(50) 

(33) 

INFLAMMATION,  NOS 
INFLAMMATION,  FOCAL 

1 (5%) 

1 (5%) 

1 (2%) 

1 

(3%) 

ABSCESS,  NOS 

1 

(3%) 

DEGENERATION,  NOS 

1 

(3%) 

METAMORPHOSIS  FATTY 

2 (10*) 

1 (5%) 

2 (4%) 

4 

(12%) 

FOCAL  CELLULAR  CHANGE 

1 (2%) 

ANGIECTASIS 

1 (2%) 

1 

(3%) 

#LI V ER/C ENT RI LOBULAR 

(20) 

(19) 

(50) 

(33) 

NECROSIS,  NOS 

1 (2%) 

1 

(3%) 

♦LIVER/PERIPORTAL 

(20) 

(19) 

(50) 

(33) 

PIBRCSIS 

1 

(3%) 

*B I L E DUCT 

(20) 

(20) 

(50) 

(50) 

HYPERPLASIA,  NOS 

2 (10%) 

1 

(2%) 

♦PANCREAS 

(20) 

(18) 

(50) 

(50) 

CYST,  NOS 
ABSCESS,  NOS 

1 (6%) 

1 

(2%) 

PERIARTERITIS 
ATROPHY,  NOS 

1 (6%) 

1 (2%) 

♦STOMACH 

(20) 

(20) 

(50) 

(50) 

ULCER,  FOCAL 

3 (15%) 

1 (5%) 

URINARY  SYSTEM 

♦KIDNEY 

(20) 

(20) 

(50) 

(50) 

CYST,  NOS 

PYELONEPHRITIS,  NOS 

1 (5%) 

1 (2%) 

6 

(12%) 

INFLAMMATION,  CHRONIC 

6 (30%) 

5 (25%) 

1 (2%) 

NEPHROPATHY,  TOXIC 

29  (59%) 

38 

(76%) 

CALCIUM  DEPOSIT 

1 (5%) 

2 (4%) 

4 

(8%) 

HYPERPLASIA,  EPITHELIAL 

1 (2%) 

2 

(4%) 

♦LEFT  KIDNEY 

(20) 

(20) 

(50) 

(50) 

NEPHROPATHY,  TOXIC 

1 

(2%) 

♦URINARY  BLADDER 

(20) 

(18) 

(50) 

(49) 

CALCULUS,  NOS 

1 

(2%) 

INFLAMMATION,  NOS 

3 

.16*1.  . 

if  NUMBEP  OF  ANIMALS  WITH  TISSUE  EXAMINED  M ICFO  SCOP  ICALLY 
* NUMBER  OF  ANIMALS  NECROPSIED 


08 


TABLE  C2  (CONTINUED) 


CONTROL  (UNTR) 
0 1-  14  IF 

CONTROL  (VE  H) 
0 1-091F 

LOW  DOSE 
01-144F 

HIGH  DOSE 
01-145F 

ENDOCRINE  SYSTEM 

♦PITUITARY 

A NG IECTASI S 

(20) 

(20) 

(50) 

4 (8%) 

(50) 

2 (4%) 

♦ ADRENAL 

CALCIUM  DEPOSIT 

(20) 

1 (5?) 

(20) 

(50) 

(50) 

♦ADRENAL  CORTEX 

DEGENERATION,  NOS 
ANGIECTASIS 

(20) 

5 (25%) 

(20) 

2 (10%) 

(50) 

1 (2%) 
3 (6%) 

(50) 

7 (14%) 

♦THYROID 

FOLLICULAR  CYST,  NOS 

(19) 

2 (11%) 

(20) 

(49) 

2 (4%) 

(50) 

3 (6%) 

REPRODUCTIVE  SYSTEM 

♦MAMMARY  GLAND 
NECROSIS,  FAT 

(20) 

1 (5%) 

(20) 

(50) 

(50) 

♦VAGINA 

INFLAMMATION,  NOS 

(20) 

1 (5%) 

(20) 

(50) 

(50) 

1 (2%) 

♦UTERUS 

HYDROMETRA 

(20) 

(19) 

(48) 

2 (4%) 

(50) 

4 (8%) 

♦UTERUS/ENDOMETRIUM 
INFLAMMATION,  NOS 
HYPERPLASIA,  CYSTIC 

(20) 

2 (10%) 

(19) 

(48) 

2 (4%) 
1 (2%) 

(50) 

1 (2%) 

♦ OVARY 

CYST,  NOS 
INFLAMMATION,  NOS 

(20) 

1 (5%) 

(20) 

(50) 

(50) 

1 (2%) 

NERVOUS  SYSTEM 

NONE 

SPECIAL  SENSE  ORGANS 

NONE 

MUSCULOSKELETAL  SYSTEM 

NONE 

# NUMBER  OF  ANIMALS  WITH 

TISSUE  EXAMINED  MICROSCOPICALLY 

* NUMBER  OF  ANIMALS  NECROPSIED 
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TABLE  C2  (CONCLUDED) 


CONTROL  (UNTR ) 
0 1-  14  IF 

CONTROL  (VEH) 
0 1-09  IF 

LOW  DOSE 
01-144F 

HIGH  DOSE 
01-145F 

BODY  CAVITIES 

• 

•MESENTERY 

PERIARTERITIS 

(20) 

(20) 

(50) 

1 (2%) 

(50) 

ALL  OTHEP  SYSTEMS 
THORACIC  CAVITY 

ABSCESS,  NOS  1 


SPECIAL  MCEPHOLOGY  SUMMARY 


NO  LESION  REPORTED  8 5 


# NUMBER  OF  ANIMALS  WITH  TISSUE  EXAMINED  MICROSCOPICALLY 

* NUMBER  OF  ANIMALS  NECROPSIED 


C-IO 


APPENDIX  D 


SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC 
LESIONS  IN  MICE  TREATED  WITH  TETRACHLOROETHYLENE 


TABLE  D1 

SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  MALE  MICE 
TREATED  WITH  TETRACHLOROETHYLENE 


CONTROL  (UNTR ) 
0 2-MI  41 

CONTROL  (VE  H) 
02-M131 

LOW  DOSE 
02-M142 

HIGH  DDSE 
02-MI  43 

ANIMALS  INITIALLY  IN  STUDY 
ANIMALS  MISSING 

20 

20 

50 

50 

2 

ANIMALS  NECROPSIED 

18 

20 

49 

47 

ANIMALS  EXAMINED  H ISTO  PAT  HOLOGICA  LL Y*  18 

20 

49 

47 

INTEGUMENTARY  SYSTEM 

♦SKIN 

INFLAMMATION,  NOS 

(18) 

1 (6%) 

(20) 

(49) 

(47) 

♦SUBCUT  TISSUE 

EPIDERMAL  INCLUSION  CYST 
ABSCESS,  NOS 

(18) 

(20) 

2 (10%) 
2 (10%) 

(49) 

(47) 

RESPIRATORY  SYSTEM 

♦TRACHEA 

INFLAMMATION,  NOS 

(18) 

(20) 

(«9) 

1 (2%) 

(49) 

♦ LU  NG 

(18) 

(20) 

(49) 

(48) 

PNEUMONIA,  CHRONIC  MURINE 
LEUKEMOID  REACTION 

5 (28%) 

1 (5%) 

14  (29%) 

29  (60%) 

HEMATOPOIETIC  SYSTEM 

♦ BONE  MARROW 

LEUKEMCID  REACTION 

(18) 

(19) 

1 (5%) 

(49) 

(49) 

♦SPLEEN 

AMYLOIDOSIS 
HEM  ATOPO IESIS 

(18) 

(20) 

3 (15%) 

(49) 

4 (8%) 

(48) 

1 (2%) 

♦CERVICAL  LYMPH  NODE 
INFLAMMATION,  NOS 

(18) 

1 (6%) 

(20) 

(49) 

(30) 

♦MESENTERIC  L.  NODE 

(18) 

(2  0) 

(49) 

(30) 

INFLAMMATION,  NOS 

9 (50%) 

1 (5%) 

8 (16%) 

1 (3%) 

ANGIECTA  S IS 

2 (11%) 

2 (10%) 

4 (8%) 

1 (3*) 

♦ THY  MUS 

ANGIECTA  SIS 

(18) 

(20) 

(49) 

1 jt2*i_ 

(30) 

♦ NUMBER  OF  ANIMALS  WITH  TISSUE 

EXAMINED  MICROSCOPICALLY 

* NUMBER  OF  ANIMALS  NECROPSIED 
**EXCLUDES  PARTIALLY  AUTOLYZED  ANIMALS 
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TABLE  D1  (CONTINUED) 


CONTROL  (UNTR  ) 

CONTROL  (VEH) 

LOW  DOSE 

HIGH  DOSE 

0 2-MI  41 

0 2- M 1 3 1 

02-MI  42 

02-MI  43 

CIP.CU  LA  TORY  SYSTEM 

♦HEART 

(18) 

(20) 

(«9) 

(30) 

CALCIUM  DEPOSIT 

2 (10%) 

1 (3%) 

# MY OCARDIUM 

(18) 

(20) 

(49) 

(30) 

DEGENERATION,  NOS 

1 (5%) 

DIGESTIVE  SYSTEM 

#LI  VEP 

(17) 

(2  0) 

(49) 

(48) 

THROMBUS,  ORGANIZED 
INFLAMMATION,  NOS 

2 (10%) 

1 (2%) 

2 (4%) 

AMYLOIDOSIS 

FOCAL  CELLULAR  CHANGE 

ANGIECTASIS 

1 ( 5%) 

1 (2%) 

3 (6%) 

#LIV ER/CENTRI LOBULAR 

(17) 

(20) 

(49) 

(48) 

NECROSIS,  NOS 

2 (4%) 

♦BILE  DUCT 

(18) 

(20) 

(49) 

(47) 

DILATATION,  NOS 

1 (2%) 

♦STOMACH 

(18) 

(2  0) 

(49) 

(48) 

HYPERKERATOSIS 

1 (2%) 

ACANTHOSIS 

1 (2%) 

#C  OLCN 

(18) 

(20) 

(49) 

(48) 

NEMATODIASIS 

1 (6%) 

11  (2  2%) 

5 (10%) 

♦RECTUM 

(18) 

(20) 

(49) 

(47) 

INFLAMMATION,  NOS 

1 (2%) 

URINARY  SYSTEM 

♦KIDNEY 

(18) 

(20) 

(49) 

(48) 

HYERCNEPHROSI S 

3 (17*) 

1 ( 2%) 

2 (4%) 

PYELONEPHRITIS , NOS 

1 (6%) 

1 (5%) 

1 (2%) 

INFLAMMATION,  CHRONIC 
NEPHROPATHY,  TOXIC 

6 (30%) 

40  (82%) 

45  (94%) 

AMYLOIDOSIS 

4 (20%) 

CALCIUM  DEPOSIT 
ATROPHY^  NOS 

1 ( 6%) 

1 (8%) 

# NUM3ER  CF  ANIMALS  WITH  TISSUE  EXAMINED  MICROSCOPICALLY 

* NUMBER  OF  ANIMALS  NECPOPSIED 


TABLE  D1  (CONTINUED) 


CONTROL  (UNTR ) 
02-M 141 

CONTROL  (VEH) 
02-H131 

LOW  DOSE 
02-M142 

HIGH  DOSE 
02-MI  43 

♦URINARY  BLADDER 
CALCULUS,  NOS 
INFLAMMATION,  NOS 

(18) 

(19) 

(49) 

1 (2%) 

(48) 

1 (2%) 

ENDOCRINE  SYSTEM 

♦THYROID 

FOLLICULAR  CYST,  NOS 

(18) 

(20) 

(49) 

1 (2%) 

(48) 

REPRODUCTIVE  SYSTEM 

♦PROSTATE 

INFLAMMATION,  NOS 

(18) 

(19) 

(49) 

(48) 

2 (4%) 

♦SEMINAL  VESICLE 

INFLAMMATION,  NOS 

(18) 

(20) 

(49) 

(47) 

1 (2*) 

♦TESTIS 

GRANULOMA,  SPERMATIC 
CALCIUM  DEPOSIT 

(17) 

(19) 

1 (5%) 

1 (5*) 

(49) 

(48) 

ATROPHY,  NOS 

1 (6*) 

3 (16%) 

3 (6%) 

♦EPIDIDYMIS 

GRANULOMA,  SPERMATIC 

(18) 

(20) 

1 (5%) 

(49) 

(47) 

NERVOUS  SYSTEM 

NONE 

SPECIAL  SENSE  ORGANS 

♦EYE 

PHTHISIS  BULBI 

(18) 

(2  0) 

(49) 

1 (2%) 

(47) 

♦EYE/LACRIMAL  GLAND 
INFLAMMATION,  NOS 
NECROSIS,  NOS 

(18) 

(20) 

(49) 

1 (2») 
1 (2%) 

(47) 

MUSCULOSKELETAL  SYSTEM 
NONE 


♦ NUMBER  OF  ANIMALS  WITH  TISSUE  EXAMINED  MICROSCOPICALLY 

* NUMBER  OF  ANIMALS  NECROPSIED 


TABLE  D1  (CONCLUDED) 


CONTROL  (UNTR ) 

CONTROL  (VE  H) 

LON  DOSE 

HIGH  DOSE 

02-M141 

02-MI  31 

02-M142 

02-MI  43 

BODY  CAVITIES 

NONE 

ALL  OTHER  SYSTEMS 

NONE 

SPECIAL  MORFHOLOGY  SUMMARY 

NO  LESION  REEORTED 
ANIMAL  MISSING/NO  NECROPSY 

1 

6 

1 

2 

AUTO/NECROPS  Y/ HIS TO  PERF 

1 

AUTOLYSIS/NO  NECROPSY 

2 

1 

1 

* NUMBER  OF  ANIMALS  WITH  TISSUE  EXAMINED  MICROSCOPICALLY 

* NUMBER  OF  ANIMALS  NECROPSIEQ 
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TABLE  D2 

SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  FEMALE  MICE 
TREATED  WITH  TETRACHLOROETHYLENE 


CONTROL  (UNTR) 
02-F141 

CONTROL  (VEH) 
02-F 131 

LOW  DOSE 
02-F 144 

HIGH  DOSE 
02-F1 45 

ANIMALS 

INITIALLY  IN  STUDY 

20 

20 

50 

50 

ANIMA  LS 

MISSING 

1 

ANIMALS 

NECROPSIED 

20 

20 

48 

48 

ANIMALS 

EXAMINED  HISTOPATHOLOGICALLY 

**  19 

20 

48 

48 

INTEGUMENTARY  SYSTEM 

♦ SUBCUT  TISSUE  (20)  (20)  (48)  (48) 

ABSCESS,  NOS  1 (5%) 


RESPIRATORY  SYSTEM 


ITRACHEA 

(20) 

(19) 

(48) 

(47) 

INFLAMMATION,  NOS 

1 (2%) 

# LU  NG 

(20) 

(20) 

(48) 

(47) 

PNEUMONIA,  CHRONIC  MURINE 

7 (35%) 

27  (56%) 

31  (66%) 

HEMATOPOIETIC  SYSTEM 

♦SPLEEN 

(20) 

(2  0) 

(48) 

(48) 

INFLAMMATION,  NOS 
HEMATOPOIESIS 

1 (5%) 

1 (5%) 

5 (10%) 

1 (2%) 

♦CERVICAL  LYMPH  NODE 

(20) 

(20) 

(48) 

(48) 

A NGIECTA  SIS 

3 (6%) 

♦MESENTERIC  L.  NODE 

(20) 

(20) 

(48) 

(48) 

INFLAMMATION,  NOS 

6 (30%) 

3 (15%) 

3 (6%) 

2 (4%) 

ANGIECTASIS 

2 (10%) 

4 (8%) 

3 (6%) 

CIPCUIATORY  SYSTEM 

♦ MYOCARDIUM 

(20) 

(20) 

(48) 

(47) 

FIBROSIS 

# NUMBER  OF  ANIMALS  WITH  TISSUE  EXAMINED  MICROSCOPICALLY 

* NUMBER  OF  ANIMALS  NECROPSIED 
♦♦EXCLUDES  PARTIALLY  AUTOLYZED  ANIMALS 
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TABLE  D2  (CONTINUED) 


CONTROL  (UNTR ) 

CONTROL  (VEH) 

LOW  DOSE 

HIGH  DOSE 

0 2- FI  41 

02-F131 

02-F144 

02-F145 

DIGESTIVE  SYSTEM 

#LI VEP 

(20) 

(20) 

(48) 

(48) 

THROMBUS,  ORGANIZED 

1 (5%) 

1 (2%) 

2 (4%) 

INFLAMMATION,  NOS 

1 (2%) 

2 (4%) 

PELIOSIS  HEP  AT  IS 

1 (5%) 

METAMORPHOSIS  FATTY 

2 (4%) 

•PANCREAS 

(20) 

(20) 

(48) 

(48) 

INFLAMMATION,  NOS 

1 (5  %) 

•STOMACH 

(20) 

(20) 

(48) 

(47) 

ULCER,  FOCAL 
HYPERKERATOSIS 

1 (5%) 

1 (2%) 

ACANTHOSIS 

1 (5%) 

1 (5%) 

•COLON 

(20) 

(20) 

(48) 

(47) 

NEMATOEIASIS 

4 (20%) 

2 (4%) 

2 (4%) 

URINARY  SYSTEM 

•KIDNEY 

(20) 

(2  0) 

(48) 

(48) 

HYCRCNEPHROSI S 
PYELONEPHRITIS,  NOS 

1 (5%) 

1 (2%) 

NEPHROPATHY,  TOXIC 

46  (96%) 

48  (100%) 

ENDOCRINE  SYSTEM 

•ADRENAL  CORTEX 

(20) 

(2  0) 

(48) 

(48) 

ANGIECTASIS 

1 (2%) 

•THYROID 

(20) 

(20) 

(48) 

(47) 

FOLLICULAR  CYST,  NOS 

1 (5%) 

2 (10%) 

REPRODUCTIVE  SYSTEM 


•UTERUS 

(20) 

(2  0) 

(48) 

(47) 

HYDRCMETRA 

4 (20%) 

4 (20%) 

1 (2%) 

•UTERUS/ENDOMETRIUM 

(20) 

(20) 

(48) 

(47) 

INFLAMMATION,  NOS 

1 (5%) 

2 (4%) 

HYPERPLASIA,  CYSTIC 

3 (15%) 

11  (55%) 

1 (2%) 

•OVARY 

(20) 

(20) 

(48) 

(47) 

CYST,  NOS 

11  (55%) 

6 (30%) 

11  (2  3%) 

6 (13%) 

INFLAMMATION,  NOS 

1 J5%) 

1 12% 1_ 

2__{4%) 

* 

* 


NUMBER 

NUMBER 


OF  ANIMALS  WITH  TISSUE  EXAMINED  MICROSCOPICALLY 
OF  ANIMALS  NECROPSIED 
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TABLE  D2  (CONCLUDED) 


CONTROL  (UNTR ) 

CONTROL  (VEH) 

LOW  DOSE 

HIGH  DOSE 

02-F141 

0 2-F131 

02-F144 

02-F145 

NERVOUS  SYSTEM 

NONE 

SPECIAL  SENSE  ORGANS 

♦eyeaacrimal  GLAND 

(20) 

(2  0) 

(48) 

(48) 

INFLAMMATION,  NOS 

1 (5*) 

MUSCULOSKELETAL  SYSTEM 
NONE 


BODY  CAVITIES 

♦PERITONEUM 

(20) 

(2  0) 

(48) 

(48) 

INFLAMMATION,  NOS 

1 (5%) 

ALL  OTHER  SYSTEMS 

NONE 

SPECIAL  MORPHOLOGY  SUMMARY 


NO  LESION  REPORTED  1 

ANIMAL  HISSING/NO  NECROPSY 
AUTO/NECROPSY/NO  HISTO  1 

AUTOLYSIS/NC  NECROPSY 


* 

* 


NUMEER  OF 
NUMBER  OF 


ANIMALS  WITH  TISSUE  EXAMINED 
ANIMALS  NECROPSIED 


MICROSCOPICALLY 


2 


1 


1 
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